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PREFACE  TO  THE  FIFTH  EDITION. 


The  intention  of  the  Author  has  been  to  give  information 
(^  to  members  of  the  Telegraph  Service,  and  to  those  in- 

^         terested  in  Telegraphy,  concerning— 

The  Electrical  Laws  upon  which  the  system  depends  : 
^  The  Methods  of  discovering  Faults : 


The  Practical  Management  of  Apparatus : 


y 

i  The  Construction  of  a  Line : 


J  And  the  Leading  Principles  of  Submarine  Telegraphy. 

He  has  att.empted  to  supply  in  some  measure  that 
technical  knowledge  which  has  hitherto  been  attainable 
only  by  means  of  verbal  instruction  or  actual  expe- 
rience; and,  with  a  view  of  rendering  the  work  more 
acceptable  to  practical  men,  he  has  purposely  avoided 
scientific  terms  and  formulae,  especially  in  the  earlier 
portion  of  the  work,  and  elsewhere,  when  it  has  been 
possible  to  express  his  meaning  without  their  use. 

The  Author  thanks  his  friend  Mr,  Preece  for  his 
valuable   help,   and    expresses  his   obligation    to  those 
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members  of  his  Staff  who  have  so  kindly  and  effectively 
assisted  him. 

He  must  also  thank  Mr.  Chatterton,  Mr.  Willoughby- 
Smith,  Mr.  Latimer  Clark,  Mr.  Forde,  Mr.  Hockin,  Mr. 
Warren,  Mr.  Fleeming  Jenkin,  Mr.  Varley,  and  Sir 
C.  Wheatstone,  for  the  information  they  have  so 
courteously  supplied. 

London,  May  187i. 


SIXTH   EDITION. 

The  Author  has  re-written  many  portions  of  the  pre- 
sent Edition,  and  has  given  a  description  and  drawings 
of  the  latest  form  of  Wheatstone's  automatic  apparatus. 
He  has  added  a  chapter  on  the  Duplex  System,  in 
which  he  was  greatly  assisted  by  his  valued  friend 
Mr.  Steams;  to  whom  he  begs  to  return  his  sincere 
thanks,  as  also  to  Mr.  Sabine  for  his  contribution  on 
strains  in  suspended  wires. 

January  1874. 


INTRODUCTION. 


As  the  Telegraphs  in  Great  Britain  and  Ireland  have 
now  passed  into  the  hands  of  the  State,  a  slight  sketch 
of  the  history  of  the  system  in  this  country  may  not 
be  out  of  place. 

The  Electric  Telegraph  was  introduced  by  Cooke 
and  Wheatstone,  whose  first  joint  patent  was  granted 
in  1837,  in  which  year  the  earliest  demonstration  of 
the  practicability  of  the  system  was  made  by  the 
establishment  of  an  experimental  circuit  between  Euston 
and  Camden  Town,  on  the  London  and  Birmingham 
Railway. 

The  first  actual  working  telegraph  was  erected  in 
1838,  between  Paddington  and  West  Drayton,  on  the 
Great  Western  Railway. 

Cooke  and  Wheatstone's  patents  were  purchased  by 
the    Electric    and    International    Company,    of    which 
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Mr.  John  Lewia  Ricardo  was  chairman;   and  in  1846 
the  Company  was  incorporated  by  Act  of  Parliament. 

No  assistance  whatever  was  granted  by  the  Govern- 
ment ;  and  it  was  only  after  several  years  of  adversity 
that  the  undertaking  became  firmly  established. 

In  the  first  instance,  the  double  needle  instrument 
was  used  for  the  more  important  circuits,  the  single 
needle  for  the  less  important  The  double  needle  was 
superseded,  after  a  few  years,  by  the  chemical  recording 
instrument  of  Alexander  Bain  ;  and  eventually  the  Bain 
gave  way  to  the  Morse  ink- writer,  but  the  single  needle 
held  its  place  in  consequence  of  the  great  ease  mth 
which  it  is  kept  in  working  order.  Between  London 
and  Manchester,  Glasgow,  Edinburgh,  and  Newcastle, 
the  Wheatstonc  automatic  apparatus  was  used. 

When  the  success  of  the  telegraph  had  become 
established,  other  companies  started. 

The  "  Magnetic  "  Company  was  formed  to  introduce 
Henley's  needle  instrument,  in  which  the  electricity  was 
obtained  from  a  permanent  magnet  instead  of  fi-om  a 
battery,  but  the  manipulation  of  the  magnet  was  found 
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to  be  too  laborious,  and  it  was  abandoned  for  the 
battery.  This  needle  instrument  was  superseded,  for 
important  circuits,  by  Bright's  Bell,  which  produces 
the  signals  of  the  single  needle  code  by  strokes  upon 
two  bells  of  diflFerent  pitch,  and  has  the  great  advantage 
over  the  needle  that  it  leaves  the  hands  free  for 
writing  the  message  as  it  is  received. 

Lastly,  the  "United  Kingdom"  Company  was  formed. 
This  Company  used  the  Morse  and  Hughes  only,  and 
never  employed  the  needle  instrument. 

Several  of  the  railway  companies  transmitted  mes- 
sages for  the  public. 
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It  is  not  necessary,  however,  in  a  practical  nanuuuojk,  v^  ^^ 
cuss  questions  which  are  simply  hypothetical,  nor  to  enter  into 
those  parts  of  electrical  science  which  have  not  an  immediate 
bearing  on  telegraphy. 

1.  When  a  dry  glass  tube,  a  stick  of  sealing-wax,  or  an  ebonite 
comb,  is  rubbed  on  the  coat-sleeve,  it  acquires  the  power  of 
attracting  light  substances.  It  is  said  to  become  electrically  ex- 
cited, and  its  electricity  manifests  itself  in  causing  attraction. 
Electricity  so  produced  is  sometimes  called  frictional  electricity, 
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2.  If  two  narrow  strips  of  very  thin  gutta-percha  be  laid  side 
by  aide,  and  drawn  quickly  between  the  fiugeis,  they  wiU  repel 
each  other,  but  the  excited  glass  tube  will  attract  them.  If  a 
sheet  of  well-dried  and  warmed  paper  be  vigorously  rubbed  with 
india-rubber  and  quickly  cut  into  strips,  the  strips  will  repel  one 
another  when  lifted  from  the  table. 

Upon  this  principle  the  electroscope  (Fig.  1),  an  instrument  for 
showing  the  presence  of  electricity,  is  made. 


Gum  two  strips  of  gold  leaf  to  the  opposite  sides  of  a  thin 
piece  of  card  ;  fix  the  card  on  a  wire,  taking  cere  that  the  wire 
touches  both  the  gold  leaves ;  let  it  pass  through  a  plug  of  seal- 
ing-wax or  ebonite  fixed  in  a  hole  in  a  glass  shade  (a  glas- 
flower-pot  answers  very  weU) ;  screw  a  brass  knob  upon  the 
wire,  and  place  the  glass  shade  on  a  stand.  Or  suspend  two  halls 
of  elder  pith  by  dried  sewing  silk  from  suitable  supports,  so  that 
they  may  hang  side  by  side,  a  little  apart.  Elder-pith  balls  are 
used  instead  of  gold  leaf  because  they  are  not  liable  to  be  dis- 
turbed by  currents  of  air. 

3.  Touch  the  knob  of  the  gold-leaf  electroscope  with  the  ex- 
cited glass,  the  leaves  will  diverge ;  they  repel  each  other,  in  the 
same  manner  as  the  strips  of  gutta-percha. 

Touch  both  the  pith  balls  with  the  glass,  they  also  repel : 
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touch  both  with  the  finger,  the  repulsion  ceases;  touch  both 
with  the  ebonite  or  seaKng-wax,  they  again  diverge :  but  touch 
one  with  the  glass,  the  other  with  the  ebonite  or  wax,  they 
attract  one  another.  They  will  also  attract  one  another  when 
only  one  of  them  is  electrified. 

4.  It  appears,  then,  that  the  condition  or  state  of  electrical 
excitation  produced  by  rubbing  glass,  differs  from  that  produced 
by  rubbing  ebonite  or  sealing-wax.  The  first  is  called  *' positive  '* 
or  "plvs'*  and  is  designated  by  the  sign  +;  the  second  ''negative  " 
or  " minvSy'  and  is  designated  by  the  sign  — .  These  terms  are 
entirely  arbitrary;  all  that  is  meant  by  them  is  that  the  two 
states  are  opposed  to  each  other,  but  not  that  there  is  more 
electricity  in  the  one  than  in  the  other. 

Bodies  similarly  electrified  are  said  to  have  the  same  sign,  if 
dissimilarly  electrified  they  are  said  to  have  opposite  signs. 

5.  Bodies  similarly  electrified,  both  +,  or  both  — ,  rqpel.  Those 
dissimilarly  electHfied,  one  +,  the  other  — ,  attract. 

In  order,  then,  to  ascertain  the  sign  of  an  electrified  body,  it 
appears  only  necessary  to  find  whether  it  is  attracted  or  repelled 
by  an  excited  body  whose  sign  is  known.  But  as  attraction 
occurs  even  when  only  one  of  the  two  bodies  is  electrified,  it  is 
better  to  find  by  trial  which  electricity  will  cause  repulsion. 

6.  The  two  opposite  states  are  always  produced  at  the  same 
time,  and  in  exactly  the  same  proportion — that  is  to  say,  when 
two  substances  are  rubbed  together  they  become  oppositely  or 
dissimilarly  electrified,  and  to  an  equal  degree ;  they  therefore 
always  attract  one  another.  Thus,  when  ebonite  is  rubbed  with 
cloth,  the  former  becomes  — ,  the  latter  + ;  when  glass  is  rubbed 
with  cloth,  the  glass  becomes  +  and  the  cloth  —  ;  but  when 
glass  is  rubbed  with  cat's  fur  it  becomes  — ,  and  the  fur  +. 
Glass,  then,  when  rubbed,  does  not  always  produce  +  electricity, 
nor,  it  may  be,  ebonite  always  — . 

7.  When  the  leaves  of  the  gold-leaf  electroscope  are  divergent, 
if  the  ball  is  touched  with  a  body  similarly  but  more  strongly 
electrified  the  divergence  will  increase.  But  if  the  body  is  dis- 
similarly electrified,  the  divergence  will  decrease.  If  the  quantity 
of  the  opposite  electricities  in  the  two  is  exactly  equal,  they  will 
neutralize  each  other,  and  all  signs  of  electricity  will  disappear. 
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The  same  effect  will  be  produced  if  the  ball  is  touched  with  the 
finger. 

8.  A  metal  rod  held  in  the  hand  and  rubbed,  will  exhibit  no 
sign  of  electricity ;  it  will  neither  attract  nor  repel ;  nor  will  the 
cloth  with  which  the  ebonite  or  glass  was  rubbed,  unless  proper 
precaution  be  taken  in  each  case. 

9.  Some  suistances,  such  as  metals  arid  cloth,  have  the  property 
of  allowing  electricity  to  diffuse  itself  freely  throughout  their  whole 
mass,  and  are  hence  termed  conductors. 

Others,  such  as  glass  and  ebonite,  offer  very  great  resistance 
or  opposition  to  this  diffusion,  and  are  coiled  non-conductors,  or 
insulcUors, 

When  a  conductor  is  fixed  upon  or  supported  by  a  n/m-conductor, 
it  is  said  to  be  insulated, 

10.  When  the  metal  rod  or  the  cloth  is  held  in  the  hand  and 
rubbed,  the  electricity  produced  by  the  friction  immediately 
diffuses  itself  over  its  suiface  and  the  surface  of  the  rubber, 
through  the  body  of  the  experimenter ;  so  that  the  opposite 
conditions  immediately  neutralize  one  another,  and  the  equili- 
brium or  balance  of  electricity  is  restored  without  the  exhibition 
of  electrical  phenomena :  for  metals,  cloth,  and  the  human 
body  are  conductors. 

On  the  contrary,  when  the  glass  or  ebonite  is  rubbed,  the  elec- 
tricity does  not  diffuse  itself  or  become  neutralized,  but  remains 
where  it  was  produced,  manifesting  its  presence  by  causing  attrac- 
tion or  repulsion ;  glass  and  ebonite  being  non-conductors. 

But  if  the  metal  rod  be  insulated  by  being  fixed  on  a  glass 
handle,  and  then  rubbed,  it  repels  or  attracts;  for  now  the 
electricity  cannot  escape,  being  confined  to  the  rod  by  the 
insulating  handle.  In  like  manner,  if  the  cloth  be  insulated 
by  being  held  in  a  sheet  of  india-rubber,  its  electricity  will 
manifest  itself. 

11.  In  order  to  deprive  a  non-conductor  of  the  electricity 
excited  on  its  surface,  we  must  touch  every  part  of  it  with  the 
hand,  or  some  other  conductor.  Whereas,  a  conductor  can  be 
deprived  of  its  charge  by  touching  one  point  of  its  surface  only. 

12.  The  division  of  substances  into  conductors  and  insulators 
is  not  absolute.     There  are  few  (if  any)  bodies  which  are  perfect 
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insnlators,  or  which  do  not  conduct  at  all  under  any  circum- 
stances ;  while  even  metals,  the  most  perfect  of  all  conductors, 
offer  a  certain  resistaTice  to  the  passage  of  electricity,  or,  in  other 
words,  insulate  slightly.  The  terms  imply  a  difference  in  degree 
only — good  insulators  are  bad  conductors,  and  good  conductors 
bad  insulators. 

Each  of  the  substances  in  the  following  table  conducts  better 
than  that  which  precedes  it ;  the  first  on  the  list  is  the  best 
insulator,  the  last  is  the  best  conductor. 


Dry  air. 

Wool. 

Acids. 

Ebonite. 

Dry  paper. 

Charcoal  or  coke 

Paraffin, 

Porcelain. 

^  Mercury. 

Shellac. 

Dry  wood. 

Lead. 

India-rubber. 

Dry  ice. 

Tin. 

Gutta-percha. 

Stone. 

Iron. 

Sesin. 

Pure  water. 

Platinum. 

Sulphur. 

Melting  ice. 

Zinc. 

Sealing-wax. 

Barefied  air. 

Gold. 

Glass. 

Sea  water. 

Copper. 

Silk. 

Saline  solution. 

Silver. 

Some  descriptions  of  glass,  if  artificially  dried,  insulate  better 
than  gutta-percha. 

13.  The  electrical  machine  is  the  most  convenient  apparatus 
for  developing  electricity  by  friction.  It  consists  of  a  cylinder 
or  plate  of  glass — or  better,  of  ebonite — ^fixed  upon  an  axis,  and 
having  rubbers,  or  cushions  of  leather  stuffed  with  horsehair,  ^so 
arranged  as  to  press  upon  the  glass  and  rub  it  when  the  axis  is 
turned.  An  insulated  metallic  rod,  or  cylinder,  collects  the 
electricity  from  the  glass,  and  is  called  the  prime  conductor. 

Ebonite  is  better  than  glass,  because  it  is  less. liable  to  break, 
and  is  less  affected  by  damp.  An  ebonite  machine  must  be 
very  carefully  protected  from  dust. 

14  When  an  electrical  machine  of  glass  with  an  insulated 
rubber  is  set  in  motion,  the  rubber  becomes  negative,  the  glass 
positive,  and  they  may  be  called  the  negative  and  positive  polee 

1  The  order  of  oondnctibility  is  that  6f  pure  Metals,  according  to  Matthiesen's 
most  recent  determinations.    (Miller's  Chemical  Physics,  1867.) 
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of  the  machine.  The  glass  communicates  its  positive  electricity 
to  the  conductor,  which  then  becomes  the  positive  pole,  and  a 
pair  of  pith  balls  suspended  from  it,  having  the  same  siffib  will 
rq>el  each  other,  while  a  ball  suspended  from  the  conductor  will 
attract  one  suspended  from  the  rubber,  because  they  have 
opposite  signs. 

The  force  with  which  the  pair  of  balls  hung  from  the  con- 
ductor are  repelled  is  proportional  to  the  difference  of  potential 
between  the  conductor  and  the  earth,  and  the  force  with  which 
the  other  pair  attract  one  another  is  proportional  to  the  diflfer- 
ence  of  potential  between  the  conductor  and  the  rubber.  Their 
divergence  i3,  roughly,  a  measure  of  this  difference  of  electric 
condition. 

When  ebonite  is  used  instead  of  glass,  the  rubber  becomes 
positive  and  the  plate  negative. 

14a,  The  term  potential  is  applied  to  electricity  in  the  same 
way  that  the  word  pressure  is  used  with  reference  to  a  fluid. 

Difference  of  potential  determines  the  passage  of  electricity 
from  one  point  to  another,  in  the  same  way  that  difference  of 
pressure  gives  water  or  air  the  power  to  flow  from  the  point  of 
higher  pressure  to  that  of  lower  pressure,  enabling  it  to  over- 
come resistance  and  perform  work.  It  must  not  be  understood 
by  this  that  electric  force  has  in  itself  any  resemblance  to 
gravity  or  mechanical  pressure. 

The  potential  of  the  earth  is  the  zero  of  electric  condition, 
as  the  level  of  the  sea  is  the  zero  or  datum  line  from  which 
heights  are  measured.  In  this  sense  positively  electrified 
bodies  are  at  a  higher  potential  than  the  earth,  and  conse- 
quently when  such  bodies  are  placed  in  connection  with  the 
earth  electricity  flows  from  them  to  the  earth ;  in  the  same  way 
negatively  electrified  bodies  are  at  a  lower  potential  than  the 
earth,  and  when  they  are  placed  in  connection  with  the  earth 
electricity  is  transferred  from  the  earth  to  them.  The  terms 
higher  and  lower  are,  however,  purely  conventional :  they 
merely  denote  opposite  states  or  conditions. 

So  long  as  the  rubber  and  conductor  remain  insulated,  the 
continued  friction  increases  the  difference  of  their  potentials, 
making  the  one  more  negative,  the  other  more  positive,  until 
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the  difference  at  last  becomes  so  great  as  to  cause  a  spark  to 
pass  between  the  two,  restoring  electric  equilibrium.  This  is 
called  an  electric  discharge, 

15.  If  the  rubber  and  conductor  are  connected  by  a  wire,  no 
electrical  effects  are  observed,  because  the  two  opposite  con- 
ditions are  instantly  neutralized  as  soon  as  formed,  and  no 
difference  of  potential  is  maintained.  But  if  the  wire  be 
reduced  in  diameter  and  increased  in  length,  so  as  to  become 
extremely  long  and  very  thin,  its  conducting  power  will  be  so 
much  decreased,  that  a  difference  of  potential  will  be  maintained 
and  the  neutralization  will  proceed  gradually  by  the  passage  of  a 
eurrerU  of  positive  electricity  from  the  conductor  to  the  rubber. 
A  few  feet  of  wet  string  may  be  used  instead  of  the  long  fine  wire. 

Before  the  discharge  takes  place  or  the  current  commences 
^  to  flow,  the  electricity  is  said  to  be  in  the  static^  condition ; 
during  the  discharge  it  is  in  the  dynamic^  condition,  because  it 
then  exercises  force  or  performs  work. 

16.  Whenever  there  exists  a  difference  of  or  potential  between 
two  points  connected  by  a  condiu:tor,  a  current  passes  between  them 
until  equilibrium  is  established.  The  term  curreifU  does  not, 
however,  imply  the  actual  passage  of  any  fluid  or  gas,  but  a 
simple  transfer  of  force,  an  action  which  is  progressive  in  its 
nature,  like  the  passage  of  light  through  space,  or  of  heat 
through  a  bar  of  metal.  This  action  will  be  better  understood 
further  on,  when  induction  has  been  studied. 

17.  There  are  many  other  methods  of  producing  electricity, 
of  which  chemical  action  is  the  most  important. 

Electricity  produced  by  chemical  action  is  called  galvanic  or 
voltaic,  from  the  names  of  its  discoverers,  Galvani  and  Yolta. 
The  apparatus  for  producing  it  is  called  a  voltaic  pair  or  cell, 
and  consists  of  a  pair  of  conducting  plates  immersed  in  a  liquid 
which  acts,  chemically,  more  upon  one  than  upon  the  other. 
When  several  cells  are  connected  together,  the  arrangement  is 
called  a  battery. 

Zinc  is  universally  employed  as  one  of  the  pair,  and  the 


^  The  words  static  and  djfnamiic  are  derived  from  the  Greek  :  the  one  conyeya 
the  idea  of  rtst,  t)ie  other  that  of  the  povoer  due  to  moUon, 
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greatest  effect  is  obtained  when  the  second  plate  of  the  pair  is 
not  acted  upon  at  all  by  the  liquid  employed,  for  as  the  dififerenee 
of  potential  between  the  two  plates  of  the  pair  is  proportional  to 
the  difference  of  the  chemical  action  upon  them,  if  it  were 
possible  for  both  metals  to  be  attacked  equally,  there  would  be 
no  difference  of  potential  between  them,  and  consequently  there 
woidd  be  no  tendency  towards  a  transfer  of  electricity ;  but  if 
the  chemic6d  action  be  greater  upon  one  than  upon  the  other, 
the  potential  of  the  two  will  differ  by  an  amount  equal  to  the 
difference  of  chemical  action ;  and  as  this  difference  increases  so 
will  the  difference  of  potential  increase.  Therefore,  when  there 
is  no  action  upon  the  second  plate,  the  difference  of  potential  is 
the  greatest  possible. 

18.  As  voltaic  electricity  is  produced  whenever  the  conditions 
just  mentioned  are  complied  with,  there  are  many  different  • 
methods  of  making  a  battery.  The  specific  power  which  each 
combination  possesses  of  producing  a  difference  of  potential, 
giving  the  power  of  causing  a  transfer  of  electricity  from  one 
place  to  another,  it  is  called  its  dectromotive  force.  This  term, 
strictly,  means  any  cause  whatever  by  which  difference  of  potential 
is  prodtuied  between  any  two  points. 

19.  In  dilute  sulphuric  or  nitric  acid,  the  substances  furthest 
apart  in  the  following  list  form  the  most  energetic  combination. 


^  Graphite 

Iron. 

Platinum. 

Lead. 

Silver. 

Tin. 

Copper. 

Zinc. 

20.  But  as  the  power  of  maintaining  an  electric  current  de- 
pends on  the  difference  of  the  chemical  action  upon  the  two 
plates,  it  will  be  altered  by  a  change  in  the  liquids  employed : 
for  instance,  iron  stands  below  copper  when  sulphuric  acid  or 
solution  of  common  salt  is  used,  while  in  ammonia  the  order  is 
reversed. 

21.  So  long  as  the  two  plates  are  not  connected  by  a  con- 
ductor exterior  to  the  liquid,  the  electricity  produced  remains  in 

^  Carbon  from  gas  retorts. 
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the  static  coDdition,  and,  like  frictional  electricity,  may  be  made 
to  produce  attmctiou  and  repulsion,  bo  as  to  cause  the  gold 
leaves  of  an  electroscope  to  diveige.  But  the  tension  of  voltaic 
electricity  is  feeble,  ao  that  unless  a  considerable  number  of  cellii 
are  used  a  condensing  electroscope  (152)  is  necessary  to  produce 
the  effect.  The  electrosoope  of  Professor  Sir  W.  Thomson  is, 
however,  sufficiently  delicate  to  show  attraction  and  repulsion 
where  the  electro-motive  force  is  as  feeble  even  as  one-tenth  of 
of  a  Caniell  cell,  and  that  without  the  aid  of  a  condenser. 

22.  When  the  plates  are  connected  by  a  wire,  or  other  con- 
ductor, the  opposite  electrical  conditions  neutralize  one  another 
(10).  Bat  they  are  instantly  restored  by  the  chemical  action, 
and  are  again  as  quickly  destroyed.  Thus  a  constant  transfer  or 
current  is  established,  and  the  electricity  is  said  to  be  in  the 
dynamic  state.  It  will  still  affect  the  electroscope,  hut  has 
gained  the  power  of  deflecting  a  magnetized  needle. 


23.  The  +  electricity  is  supposed  to  set  out  &om  the  more 
oxidizable  metal,  called  the  p^ive  or  generating  plate,  because 
it  furnishes  the  supply  of  electricity  ;  to  pass  through  the  fluid 
to  the  less  oxidizable  metal,  called  the  negaiive  at  collecting  plate, 
because  it  collects  the  electricity  from  the  liquid ;  and  thence 
by  the  connecting  wire  to  the  zinc  again.  But  the  end  of  a 
battery  coutainmg  the  generating  plate  {generdWy  zinc)  is  called 
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the  negative  pole,  because  it  is  there  that  the  negative  electricity 
is  accumulated  (the  positive  having  passed  into  the  liquid) ;  while 
for  a  similar  reason  the  last  collecting  plate  is  called  ih^  positive 
pole,  since  by  it  the  positive  electricily  leaves  the  battery. 

When  zinc  and  copper  are  formed  into  a  battery,  the  positive 
electricity  passes  from  the  zinc  through  the  liquid  to  the  copper, 
and  from  the  copper  by  the  conducting  wire  attached  to  it  back 
to  the  zinc  again.     (See  Fig.  2.) 

24.  When  two  or  more  pairs  of  plates  are  so  connected  that 
the  positive  metal  of  the  first  is  nnited  by  a  metallic  conductor 
to  the  negative  metal  of  the  second,  and  so  on,  the  tension  is 
increased  in  direct  proportion  to  the  number  of  pairs.  Four 
pairs  will  have  four  times  the  tension  of  one  pair,  will  produce 
a  current  capable  of  overcoming  four  times  the  resistance,  and 
will  cause  the  electroscope  to  divei^e  four  times  as  much, 

25.  Let  the  electromotive  force  of  a  copper  and  zinc  pair  in 
dilute  sulphuric  acid  be  such  as  to  cause  a  difference  of  potential 
of  (say)  10  between  its  two  plates. 

If  either  pole  be  connected  with  the  earth,  its  potential  will 
become  that  of  the  earth,  that  is,  wiU  fall  to  zero.  But  as  the 
electromotive  force  of  the  pair  has  the  power  of  producing  a 
difference  of  potential  equd  to  10,  the  insulated  pole  will,  if  it 
be  the  positive,  have  a  potential  of  1 0  above,  and  if  the  negative  of 
10  below  that  of  the  earth.     Let  the  zinc  be  connected  to  earth. 

The  copper  will  have  a  potential  10  above  that  of  the  earth, 
and  if  it  be  connected  to  the  zinc  of  a  second  similar  pair,  it 
will  communicate  to  it  its  potential. 


But  as  the  difference  between  the  plates  of  the  second  pair  is 
also  10,  and  the  second  zinc  has  already  a  potential  of  10,  the 


80UECES  OF  ELBCTEICITy.  11 

potential  of  the  second  copper  will  be  10  +  10  =  20,  and  so  on, 
so  that  the  difference  between  its  poks  or  end  plates  will  be  four 
times  ten,  or  forty. 

If  both  poles  be  insulated,  the  centre  plates  will  be  neutral : 
the  zinc  pole  will  have  a  potential  of  20  below,  and  the  copper 
pole  a  potential  of  20  above  the  potential  of  the  earth,  the 
difference  between  the  two  being  40,  as  before. 

26.  Though  the  difference  of  potential  increases  with  every 
additional  pair,  no  greater  quantity  of  electricity  will  be  pro- 
duced with  even  a  thousand  pairs  than  with  one  pair ;  for  the 
action  in  each  cell  is  simply  to  urge  forward  a  quantity  equal  to 
that  arising  from  the  oxidization  or  solution  of  the  zinc  of  the 
first  pair,  and  not  to  produce  more  electricity. 

27.  But  if  all  the  four  zincs  are  joined  together,  and  all  the 
four  coppers  are  similarly  connected,  so  as  to  form,  as  it  were,  a 
pair  of  four  times  the  surface,  the  quantity  will  be  fourfold,  but 
the  difference  of  potential  will  remain  the  same  as  with  one  pair 
of  the  original  size.  There  will  be  four  times  more  electricity 
produced,  but  its  power  of  overcoming  resistance  will  be  the 
same  as  that  of  one  small  pair,  and  the  difference  of  the  potential 
of  its  poles  will  be  but  ten.  This  subject  is  treated  more  fully 
in  the  chapter  on  the  laws  of  the  current. 

28.  As  the  number  of  cells  is  increased,  the  effects  of  the 
battery  approach  m^re  and  more  closely  to  those  of  the  frictional 
(or  electrical)  machine,  until,  with  500  cells  well  insulated, 
attraction  and  repulsion  may  readily  be  shown  without  the  aid 
of  the  condenser  (152).  By  still  further  increasing  the  number, 
and  carefully  insulating  them,  the  difference  of  potential  may  be 
so  far  increased  as  to  overcome  the  resistance  of  the  air,  and  to 
produce  a  spark  when  the  conducting  wires  are  separated. 

29.  The  electricities  produced  by  the  machine  and  the  battery 
are  in  fact  identical,  the  difference  between  them  being  only 
this :  the  electricity  of  the  former  is  of  high  potential,  but  the 
quantity  generated  is  so  small  that  it  is  with  difficulty  a  current 
can  be  made  manifest,  even  with  the  arrangement  described  in 
paragraph  15,  while  in  the  latter  the  potential^  is  comparatively 

^  When  the  word  potential  is  used  alone,  it  means  the  ditference  of  potential, 
between  the  body  or  point  and  that  of  the  earth. 
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low,  but  the  quantity  is  abundant  enough,  even  from  a  very 
small  pair  of  plates,  to  keep  up  a  sensible  current  even  through 
a  good  conductor.  The  lowness  of  the  potential  of  voltaic 
electricity  renders  the  insulation  of  the  conducting  wire  com- 
paratively easy,  while  frictional  electricity,  from  its  great  power 
of  overcoming  resistance,  passes  by  even  the  most  imperfect 
conductors.  Hence  the  earlier  attempts  in  electric  telegraphy, 
in  which  the  machine  was  used,  were  failures,  because  the  con- 
ducting wires  could  not  be  sufficiently  insulated. 

30.  Faraday  has  calculated  that  a  wire  of  platinum  and  one 
of  zinc  -^th  of  an  inch  thick,  immersed  {ths  of  an  inch  in  a 
mixture  of  one  drop  of  acid  to  four  ounces  of  water,  will  pro- 
duce in  three  seconds  as  great  a  quantity  of  electricity  as  thirty 
turns  of  a  50-inch  plate  machine.  Voltaic  electricity  has  been 
compared  to  steam  rising  quietly  from  an  open  boiler,  while 
frictional  electricity  is  the  high-pressure  steam  of  a  locomotive. 
Lightning  is  the  spark  or  discharge  of  electricity  of  very  high 
potential. 

31.  Although  chemical  action  is  the  cause  of  electromotive 
force,  such  action  may  take  place  in  the  cells  of  the  battery 
without  adding  to  the  strength  of  the  current,  for  if  a  small 
piece  of  iron  or  copper,  for  instance,  touches  the  zinc  plate, 
voltaic  action  will  be  set  up  between  them ;  while  the  neu- 
tralization of  the  potential  will  take  place  upon  the  surface  of 
the  metal  instead  of  through  the  connecting  wire,  so  that  the 
zinc  is  wasted.  This  is  called  local  action,  and  the  greatest  care 
must  be  taken  to  prevent  it. 

32.  When  copper,  pure,  zinc,  and  dilute  sulphuric  acid  are 
formed  into  a  battery,  there  is  no  action  so  long  as  the  poles  are 
disconnected ;  but  if  ordinary  zinc  is  used,  bubbles  of  hydrogen 
are  given  off  from  its  surface  immediately  it  is  placed  in  the 
acid,  even  if  there  be  no  copper  plate  in  the  liquid.  The  evo- 
lution of  hydrogen  arises  from  the  local  action  caused  by  the 
particles  of  lead,  carbon,  iron,  and  other  impurities  contained  in 
the  metal,  which  being  negative  to  zinc  form  small  batteries  on 
the  surface  of  the  plate,  dissolving  it  away  in  holes  without 
producing  any  useful  effect.  When  old  zinc  plates  are  recast, 
the  impurity  of  the  metal  is  increased,  for,  besides  the  foreign 
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matters  it  originally  contained,  there  will  be  found  particles  of 
copper  which  have  been  deposited  on  the  plates  while  in  action. 
The  metal  at  the  bottom  of  the  crucible  wiU  be  the  most 
impure. 

33.  Pure  zinc  is  very  rare  and  expensive,  and  therefore  cannot 
be  used;  but  by  the  process  of  amalgamation  common  zinc  is 
rendered  equally  serviceable.  The  simplest  way  to  amalgamate 
zinc  is  to  clean  it  by  dipping  it  into  dilute  sulphuric  acid ;  then 
place  the  plate  in  a  shallow  dish  containing  a  little  dilute  sul- 
phuric acid,  and  pour  a  small  quantity  of  mercury  upon  it, 
rubbing  the  mercury  over  the  surface  with  a  piece  of  rag  tied 
round  the  end  of  a  stick,  keeping  the  rag  well  wetted  with  the 
acid.  A  small  strip  of  zinc  is  sometimes  useful  to  collect  the 
mercury  from  the  dish  and  place  it  on  the  plate.  The  mercury 
dissolves  a  little  zinc,  which  flows  over  and  covers  the  foreign 
particles,  preventing  their  contact  with  the  acid. 

34.  When  the  poles  of  a  battery  are  united  by  a  conductor,  a 
current  is  established,  the  water  in  the  cells  is  decomposed,  or 
separated  into  its  component  gases ;  the  oxygen  is  set  free  at 
the  zinc  plate  and  combines  with  it,  forming  zinc  oxide,  which 
the  acid  immediately  dissolves,  converting  it  into  sulphate. 

The  hydrogen  is  set  free  at  the  copper  plate,  and  escapes  in 
bubbles;  but  hydrogen  in  this  particular  condition,  called  its 
fuiseent  state,  has  the  power  of  separating  metals  from  their 
solutions,  so  that  as  soon  as  the  zinc  sulphate  dissolved  in  the 
water  has  so  far  diffused  itself  through  the  liquid  as  to  reach 
the  copper  plate,  it  is  decomposed  by  the  hydrogen,  coating  the 
copper  plate  with  zinc.  This  action  tends  to  convert  the 
battery  into  one  in  which  zinc  is  eventually  opposed  to  zinc, 
and  therefore  reduces,  and  finally  destroys,  its  force. 

Again,  a  portion  of  the  hydrogen  adheres  to  the  copper, 
acting  upon  it  as  if  it  were  a  liquid  (20).  But  as  copper  excited 
by  hydrogen  takes  up  a  potential  opposite  to  that  of  copper 
excited  by  sulphuric  acid  in  the  presence  of  zinc,  the  power 
of  the  battery  is  lessened.  The  copper  plate  is  said  to  have 
become  polarized.^ 

^  The  term  "  polarized  "  is  here  used  in  a  sense  somewhat  diflfereut  from  that 
which  it  bears  on  the  first  page. 
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35.  To  render  a  battery  constant — ^that  is,  uniform  and  lasting 
in  its  action — polarization  and  deposit  of  positive  metal  upon 
the  negative  plate  must  be  prevented.  This  is  best  effected 
by  surrounding  the  negative  plate  by  a  strong  solution  of  a 
salt  of  the  metal  itself,  because  then  the  hydrogen  will  not 
escape  or  cover  the  plate,  but  will  be  solely  employed  in  re- 
ducing metal  from  its  solution;  and  as  the  reduced  metal  is 
the  same  as  that  of  which  the  plate  itself  is  composed,  the 
battery,  instead  of  losing,  will  gain,  because  the  negative  plate 
will  be  kept  constantly  clean  and  bright  by  the  new  metal 
deposit  upon  it. 

36.  The  Daniell  Battery,  in  great  measure,  fulfils  these  con- 
ditions. It  consists  of  a  cell  or  jar  containing  a  cylinder  of 
amalgamated  zinc,  and  a  cell  of  porous  earthenware,  smaller 
than  the  zinc  cylinder  and  fitting  inside  it.  The  porous  cell, 
as  it  is  technically  called,  contains  a  plate  or  cylinder  of  copper, 
and  is  filled  with  a  solution  of  copper  sulphate,  while  the  outer 
jar  is  filled  with  dilute  sulphuric  acid.  So  long  as  the  zinc  and 
the  copper  are  not  connected  by  a  conductor  there  is  no 
chemical  action,  for  the  acid  does  not  act  on  amalgamated  or  on 
pure  zinc  (33),  nor  [the  copper  sulphate  on  the  copper;  but  the 
moment  the  circuit  is  closed — that  is,  as  soon  as  a  communica- 
tion is  established  between  the  two  metals — the  zinc  is  strongly 
attacked,  but  no  hydrogen  is  given  off  at  its  surface,  as  there  is 
no  local  action.  Water  is  decomposed,  zinc  oxide  is  formed, 
which  the  acid  dissolves,  forming  zinc  sulphate.  The  hydrogen 
passes  to  the  copper,  but  instead  of  escaping  at  its  surface, 
adhering  to  it  and  polarizing  it  (34),  it  decomposes  a  portion  of 
the  copper  sulphate  precipitating  copper  upon  the  copper  plate, 
keeping  it  clean  and  bright. 

The  acid  of  the  copper  sulphate  passes  to  the  zinc,  assisting 
the  sulphuric  acid  already  there  to  dissolve  it  and  form  zinc 
sulphate.  The  only  use  of  the  acid  originally  placed  in  the  zinc 
cell  is  to  make  the  fluid  round  the  zinc  a  better  conductor ;  and 
when  a  large  quantity  of  electricity  is  required,  the  copper 
sulphate  is  also  acidulated  with  half  its  bulk  of  strong  sul- 
phuric acid.  The  action  of  the  battery  is  therefore  to  form  zinc 
sulphate  in  the  zinc  cell,  and  to  consume  copper  sulphate  in  the 
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copper  cell,  the  zinc  being  constantly  dissolved  away  while  the 
copper  plate  is  increased. 

When  the  action  of  the  battery  has  decomposed  all  the  copper 
sulphate,  the  action  ceases ;  and  if  any  zinc  sulphate  has  passed 
into  the  copper  cell,  as  will  generally  be  the  case,  zinc  will  be  re- 
daced  npon  the  copper  plate  as  a  black  powder.  It  is  necessary, 
therefore,  to  provide  a  constant  supply  of  copper  sulphate, 
which  should  be  placed  at  the  bottom  of  the  cell  for  long-con- 
tinued action,  but  at  the  upper  part  of  the  cell  when  energetic 
action  is  required,  as  it  then  dissolves  more  regularly  and  quickly. 

37.  When  the  acid  in  the  zinc  cell  becomes  saturated  with 
zinc,  the  battery,  though  less  powerful,  will  be  more  constant 
than  when  excited  by  acid. 

A  solution  of  zinc  sulphate  may  therefore  be  used  in  the  zinc 
cell  in  place  of  sulphuric  acid,  and  it  will  not  then  be  neces- 
saiy  to  amalgamate  the  zinc  plate,  as  there  will  be  little  or  no 
local  action  (32). 

When  continued  action  is  required,  mercury  is  positively 
injurious,  because  the  metallic  copper  which  is  deposited  on  the 
zinc  plate  (41)  forms  an  amalgam  with  the  mercuiy,  which  very 
greatly  impedes  the  action  of  the  battery,  far  more  so  than 
when  deposited  on  unamalgamated  zinc. 

38.  Should  the  water  become  saturated  with  zinc  sulphate 
(i,e.  contain  as  much  as  it  can  dissolve),  the  sulphate  crystallizes 
upon  the  zinc  plate,  stopping  the  action  of  the  battery.  The 
conducting  power  of  a  solution  of  zinc  sulphate  is  greatest  when 
diluted  with  an  equal  quantity  of  water.  Part  of  the  solution 
should,  therefore,  be  from  time  to  time  removed  and  replaced  by 
water  (82). 

39.  If  the  porous  cell  be  of  bad  quality,  containing  coke  or 
metal  dust,  the  copper  will  be  deposited  in  patches  upon  it. 
When  these  patches  of  copper  touch  the  zinc,  they  form  local 
circuits,  like  the  particles  of  foreign  matter  contained  in  the  zinc 
itself  (32),  wasting  both  copper  and  zinc  sulphates.  When  the 
porous  cell  becomes  crusted  with  copper,  it  should  be  removed. 

40.  The  zinc  should  never  be  allowed  to  touch  the  porous 
cell,  for  copper  will  immediately  be  deposited  on  the  porous 
material,  and  thus  form  a  local  circuit  with  the  zinc. 
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41.  Porous  cells  but  very  imperfectly  prevent  the  nnxing  of 
the  liquids.  The  liquid  passes  through  the  porous  cell  from 
the  zinc  to  the  copper  in  virtue  of  a  singular  property  common 
to  all  porous  substances  when  dividing  dissimilar  liquids,  called 
"  osmose,"  and  it  will  frequently  rise  in  the  copper  cell  an  inch 
or  more  above  the  level  The  current  aids  this  movement.  The 
copper  solution  passes  into  the  zinc  cell,  and  is  decomposed  by 
the  zinc  plate.  The  sulphuric  acid  of  the  copper  siQphate 
leaves  the  copper,  dissolves  the  zinc,  for  which  it  has  a  greater 
ehemical  affinity y  and  copper  is  deposited,  in  a  metallic  form  or 
as  a  black  spongy  mass,  upon  the  zinc  plate,  or  falls  to  the 
bottom  of  the  cell.  "When  the  ceUs  are  very  porous,  as  much 
zinc  is  dissolved  and  copper  sulphate  used  when  the  battery  is 
idle  as  when  it  is  at  work.  The  zinc  plates  should  be  frequently 
scraped  to  remove  the  deposit,  which  is  very  valuable,  and 
should  be  carefully  preserved. 

42.  The  chemical  action  of  zinc  upon  copper  sulphate  is  well 
shown  by  suspending  a  piece  of  the  metal  in  a  weak  solution  of 
the  salt :  the  zinc  will  be  covered  with  metallic  copper  in  a  few 
minutes,  and  in  a  short  time  the  whole  of  the  copper  will  be 
removed  from  the  solution  and  replaced  by  zinc.  By  this  means 
the  copper  contained  in  the  waste  zinc  solution  may  be  removed, 
and  the  liquid  fitted  for  charging  fresh  troughs. 

43.  The  zinc  cell  should  be  much  larger  than  that  containing 
the  copper,  in  order  that  the  copper  sulphate  which  leaks 
through  may  have  more  liquid  into  which  to  diffuse  itself,  and 
thus  become  more  dilute  ;  the  zinc  will  then  act  on  it  less  rapidly. 
The  copper  cell  should  be  a  little  taller  than  the  zinc,  so  that  it 
may  not  overflow.  The  porous  cells  of  a  battery  intended  only 
for  occasional  use  should  be  somewhat  thicker  than  those  of  one 
constantly  in  action ;  for  the  loss  of  power  due  to  the  extra 
thickness  of  the  porous  material  (83)  is  more  than  compensated 
by  the  diminished  waste  of  copper  sulphate,  caused  by  the 
obstacle  which  the  thicker  cell  presents  to  the  mixing  of  the 
solutions.  If  a  separate  porous  cell  is  used,  its  back,  sides,  top, 
and  bottom  should  be  dipped  in  good  hard  melted  tallow  or 
paraffin,  to  prevent  the  solution  passing  through  those  parts  that 
do  not  face  the  zinc. 
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44.  If  the  several  cells  of  a  trough  leak  into  each  other,  the 
action  of  the  cells  will  be  increased,  but  the  eflfective  current 
will  be  reduced  by  the  formation  of  "short circuits."  The  same 
happens  in  some  measure  when  the  sides  of  a  trough  are  wet, 
or  encrusted  with  salts. 

45.  A  defective  cell,  arising  from  a  leakage  or  a  broken 
porous  partition,  is  sometimes  found,  reducing  the  power  of  the 
whole  battery.  In  such  a  case  it  is  a  good  plan  to  bridge  it  over 
thus : — Thoroughly  clean  the  straps  of  the  two  battery  plates 
between  which  the  defect  lies,  and  connect  them  across  by  a 
piece  of  wire. 

46.  When  the  water  has  become  saturated  with  the  zinc  sul- 
phate produced  by  the  action  of  the  battery,  crystals  form  on  the 
sides  of  the  cell ;  the  liquid  passes  up  between  them  and  the 
sides,  crystallizing  again  above,  until  at  last  the  crystals  pass 
over  the  edge,  and  form  a  kind  of  syphon,  which  draws  off  the 
liquid,  especially  when  the  trough  is  made  of  gutta-percha,  wliich 
is  an  unsuitable  material  for  the  purpose.  This  may,  in  great 
measure,  be  prevented  by  painting  the  edge  of  the  cells  witli 
solid  paraffin,  dissolved  in  warm  paraffin  oil.  Porcelain  cells 
may  be  dipped  in  the  mixture  about  half  an  inch,  after  having 
been  well  dried.  The  crystals  should  be  occasionally  removed 
with  a  damp  cloth. 

47.  In  consequence  of  the  tendency  of  the  solutions  to  mix 
through  the  porous  cell,  a  battery  has  been  contrived  in  which 
the  solutions  are  separated  by  their  respective  weights  alone. 
The  copper  solution  being  heavier  than  the  zinc,  the  copper  plate 
and  crystals  of  copper  sulphate  are  placed  at  the  bottom,  the 
zinc  plate  being  hung  perpendicularly  near  the  top  of  the  cell, 
which  is  filled  with  a  dilute  solution  of  zinc  sulphate. 

In  this  battery,  called  the  "  graVity  "  battery,  the  cells  should 
not  be  quite  filled  with  crystals,  for  when  the  level  of  the  copper 
solution  is  raised  to  the  zinc  plate,  the  zinc  reduces  the  copper 
from  the  solution.  It  is  a  very  common  and  a  very  wasteful 
process  to  put  in  as  much  sulphate  as  the  cell  will  hold. 

When  the  plates  are  placed  vertically,  the  two  metals  should 
never  face  or  cross  each  other,  but  the  upper  edge  of  the  copper 
should  be  level  with,  or  rather  below,  the  lower  edge  of  the  zinc 
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If  the  zinc  be  below  the  upper  edge  of  the  copper,  it  wDl 
remove  all  the  metal  from  the  copper  sulphate  solution  as  far 
as  the  zinc  plate  reaches,  and  it  will  therefore  leave  none  to  act 
upon  that  part  of  the  copper  plate  which  faces  the  zinc.  The 
copper  sulphate  should  be  so  placed  as  to  dissolve  only  just  as 
fast  as  it  is  used  up  by  the  action  of  the  battery,  for  although 
its  solution  is  heavier  than  the  solution  of  zinc  in  the  upper  part 
of  the  vessel,  the  two  will  certainly  mix  after  a  few  days,  in 
aceordance  with  the  laws  of  the  diffuiion  of  liquida 

This  battery  has  been  very  extensively  used,  but  the  extra 
care  requirtad  in  managing  it  more  than  counterbalances  its 
advantages ;  absolute  rest  is  essential  to  its  constancy  and 
durability. 

48.  For  common  use,  the  following  is  a  good  and  economical 
battery.  It  is  a  modified  DanielL  A  teak  trough,  with  a  lid,  is 
divided  into  'cells  by  plates  of  glass  or  slate,  and  well  coated 
with  marine  glue.  The  cells  are  subdivided  by  a  slab  of  porous 
porcelain,  ^-inch  thick.  The  plates  are  cast  zinc,  4  inches  x  2 
inches,  and  thin  copper  4  inches  square.  A  copper  strap  is  cast 
into  the  zinc  and  riveted  to  the  copper  plate :  the  end  which  is 
cast  into  the  zinc  is  previously  tinned,  to  ensure  contact.  The 
zinc  hangs  at  the  upper  part  of  the  cell,  which  is  filled  with 
dilute  solution  of  sulphate  of  zinc.  The  copper  cell  is  filled 
with  a  saturated  solution  of  copper  sulphate,  and  crystals  of 
this  salt,  as  large  as  a  small  hazel-nut,  are  placed  at  the  bottom. 
This  battery  has  been  adopted  by  the  Post  Office.  The  expen- 
diture in  copper  sulphate  is  about  1*45  lb.  per  cell  per  annum. 

Several  other  modifications  of  the  DanieU  have  been  employed; 
among  the  most  important  is  the  so-called 

49.  Mirwtto  Battery, — This  battery  consists  of  a  glass  jar,  at 
the  bottom  of  which  lies  a  disc  of  copper  soldered  to  a  wire, 
covered  with  varnish  or  percha,  which  extends  to  the  top  of  the 
jar.  Above  the  disc  is  a  layer  of  coarsely-powdered  copper 
sulphate,  covered  with  a  layer  of  clean  sand ;  the  sulphate  and 
the  sand  are  separated  by  a  disc  of  cloth  or  porous  paper.  The 
jar  is  nearly  filled  with  soft  water,  and  a  piece  of  unamalga- 
mated  zinc,  sufficiently  large  to  last  as  long  as  the  copper  sul- 
phate, is  laid  upon  the  surface  of  the  sand.    The  wire  connected 
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to  the  zinc  must  be  so  arranged  as  to  allow  it  to  follow  the  sand 
as  it  is  lowered  in  the  jar  by  the  gradual  solution  of  the  copper 
sulphate. 

Sawdust  which  has  been  boiled  is  often  used  instead  of  sand, 
and  in  some  cases  a  glass  tube  passes  through  the  centre  of  the 
sand  or  sawdust,  by  which  fresh  sulphate  can  be  added. 

Gas  is  frequently  given  off  on  the  surface  of  the  zinc,  which 
covers  the  metal  so  as  to  protect  it  from  the  liquid,  and  causes 
polarization.  If  the  plates  be  cast  wedged-shaped,  and  hung 
with  the  edge  downwards,  the  gas  passes  away  more  freely. 
This  action  of  the  gas  renders  the  current  somewhat  unsteady, 
especially  when  it  is  used  for  delicate  experiments,  and  it  must 
be  prevented.  This  battery  is  well  adapted  for  cable-testing, 
and  is  used  for  working  the  Atlantic  cables. 

50.  Graphite  Battery. — The  following  is  the  best  form  of 
graphite,  or  gas  carbon  battery,  with  amalgamated  zinc  and 
dilute  sulphuric  acid,  1  part  to  12  of  water. 

The  carbon  plates  are  pickled  a  few  days  in  strong  sulphuric 
acid  and  water,  drilled  and  electrotyped^  with  copper  at  their 
top ;  this  copper  is  then  tinned,  the  connecting  strap  is  riveted 
to  it  with  tinned  rivets  and  then  soldered.  The  carbon  is  then 
platinized  by  the  electrotype  process,  using  a  straw-coloured 
solution  of  platinum,  with  a  battery  of  4  cells.  A  small  slipper 
of  percha  is  fixed  to  the  bottom  of  the  zinc  plate,  to  contain  a 
little  mercury  for  the  purpose  of  maintaining  the  amalgamation 
by  capillary  action. 

When  the  jar  is  considerably  deeper  than  the  plates,  so  that 
the  solution  of  zinc  sulphate  can  fall  to  the  bottom  as  it 
forms,  leaving  the  lighter  acid  at  the  top,  this  battery  lasts  a 
long  time.  It  is,  however,  not  suited  for  producing  a  continued 
current. 

51.  Sand  Battery, — Amalgamated  zinc  and  copper  placed 
in  a  cell  filled  with  pure,  sharp  sand,  moistened  with  di- 
lute sulphuric  acid  (one  of  acid  to  twelve  of  water),  form  a 

1  To  Electrotype. — Place  the  part  of  the  carbon  plate  to  be  coppered  in  a 
saturated  solution  of  copper  sulphate,  connect  it  to  the  zinc  of  a  single  Daniell 
cell,  place  a  copper  plate  in  the  solution  so  as  not  to  touch  the  carbon,  and 
connect  it  to  the  copper  of  the  cell. 

C   2 
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convenient  portable  battery.  When  the  battery  is  not  in  use, 
the  acid  dissolves  a  little  copper,  which  is  again  deposited  on 
the  plate  when  the  battery  is  worked. 

Care  must  be  taken  that  the  sand  is  quite  free  from  iron,  lime, 
or  other  impurities,  and  that  the  water  is  freed  from  Ume.  The 
acid  and  water  should,  therefore,  be  mixed  before  it  is  wanted, 
when  the  lime  will  fall  down  in  a  white  powder.  Lime  encrusts 
the  zinc,  and  spoils  the  battery. 

There  is  very  little  room  for  liquid,  so  that,  if  in  constant 
action,  the  sand  soon  becomes  choked  with  zinc  sulphate.  This 
can  be  removed  by  soaking  the  trough  in  water,  and  draining 
it  carefully. 

52.  Modified  Smee  Battery. — Scraps  of  zinc  are  laid  in  a 
saucer  containing  mercury,  placed  at  the  bottom  of  a  glass  jar, 
and  a  plate  of  platinized  silver  (silver  coated  with  platinum  by 
tlie  electrotype  process)  is  hung  vertically  above.  The  jar  is 
filled  with  dilute  sulphuric  acid.  It  is  very  consteoit,  but  needs 
rest  after  each  signal,  because  the  zinc  sulphate  formed  by  its 
action  forms  a  stratum  over  the  zinc  saucer,  protecting  it  for 
a  time  from  the  action  of  the  acid.  A  piece  of  percha-covered 
wire,  bared  for  a  i-inch,  dipping  into  the  mercury,  forms  the 
zinc  connection. 

53.  The  Leclanche  Battery,  which  has  been  recently  introduced, 
consists  of  a  zinc  rod  placed  in  a  solution  of  the  ordinary  com- 
mercial sal-ammoniac  (ammonium  chloride) ;  the  negative  plate  is 
a  piece  of  carbon  surrounded  by  a  mixture  of  gas  carbon  and 
the  needle  farm  of  manganese  peroxide  contained  in  a  porous 
jar.  Both  the  manganese  and  carbon  must  be  broken  in  small 
pieces,  and  sifted  to  remove  the  dust,  as  the  presence  of  fine 
powder  interferes  with  the  action.  The  action  of  this  battery 
is  to  form  zinc  chloride,  which  is  soluble  in  sal-ammoniac ;  the 
manganese  peroxide  is  reduced  to  a  lower  oxide,  and  ammonia 
is  formed  in  small  quantities.  Thus,  after  an  interval  of  time, 
generally  twelve  months,  the  zinc  and  peroxide  must  be  replaced 
and  the  sal-ammoniac  renewed.  In  practice,  for  every  50  grains 
of  zinc  dissolved  100  grains  of  sal-ammoniac  are  consumed,  and 
100  grains  of  manganese  peroxide  are  reduced.  The  electro- 
motive lorce  of  tliis  battery  is  very  great.     It  is  equal  to  about 
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1'6  of  a  Daniell  cell,  so  that  10  Leclanch^  cells  are  equal  to  16 
of  a  Daniell.^  The  internal  resistance  is  also  very  much  less 
than  that  of  a  Daniell  cell,  and  therefore  its  "  quantity  "  con- 
siderably greater ;  but,  on  the  other  hand,  when  placed  in  short 
circuit  it  polarizes  very  quickly,  so  that  it  cannot  be  used  for 
permanent  currents  or  as  a  local  battery. 

There  is  no  waste  of  material  when  the  battery  is  not  in  action, 
so  that,  if  the  evaporation  of  the  liquid  is  prevented,  it  may  be 
allowed  to  remain  untouched  for  months  without  losing  power. 
It  is  therefore  more  suitable  than  the  Daniell,  where  ccmstant 
attention  cannot  be  provided,  and  where  the  telegraph  is  not 
in  constant  use  ;  and  for  electric  bells.  Several  points  need 
attention  in  the  setting  up  of  this  battery.  The  carlx)n  plates 
are  capped  with  lead,  in  order  to  provide  an  attachment  for  the 
binding  screws,  for  copper  would  be  attacked  by  the  ammonia. 
But  it  is  found  that  a  salt  of  lead  is  formed  between  the  carbon 
and  the  metal,  which  in  time  insulates  them  from  each  other. 
To  prevent  this,  the  carbons  are  first  well  dried  and  heated  to 
about  120**  Centigrade ;  their  tops  are  then  dipped  in  melted 
paraffin  and  covered  with  lead,  great  care  being  taken  to  press 
the  lead  closely  into  contact  with  the  carbon. 

It  is  not  absolutely  necessary  to  amalgamate  the  zinc,  but  the 
amalgamation  tends  to  prevent  the  formation  of  crystals  upon  its 
surface.  When  the  sal-ammoniac  has  nearly  been  removed  from 
the  liquid,  it  is  imable  to  dissolve  the  zinc  chloride,  and  in 
consequence  becomes  milky ;  more  ammonia  salt  must  then  be 
added.  When  the  battery  begins  to  fail,  the  porous  jars  may  be 
soaked  in  water,  but  this  process  cannot  be  adopted  a  second 
time.  The  cell  should  not  be  filled  above  two-thirds  of  its 
depth.     The  connecting  straps  must  be  varnished. 

54.  The  Marie-Davy  Battery,  constructed  with  zinc,  carbon. 


1  Other  trials  with  new  batteries  have  given  even  a  more  favourable  comparison, 
the  electromotive  force  as  shown  by  a  Thomson  electrometer  being  as  2.5  to  40,  and 
the  strength  of  signal  through  resistance  as  27  to  40.  But  while  the  Daniell  was 
capable  of  affording  a  steady  constant  current  on  a  circuit  of  very  small  resistance, 
the  Leclanch^  fell  from  60  to  35  in  half  a  minute.  But  with  a  higher  resistance 
the  current  was  steady.  The  electromotive  force  of  the  Leclanch^  as  compared 
with  the  Minotto  is  as  ICO  to  300. 
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and  a  solution  of  the  white  crystalline  bisnlphate  of  mercury, 
was  till  lately  almost  exclusively  employed  at  the  Centxal  OflSce 
of  the  French  Administration  of  Telegraphs  in  Paris.  It  is  a 
very  powerful  battery,  and  produces  excellent  efiTects,  but  its 
maintenance  is  expensive,  and.  it  is  not  adapted  for  continuous 
work,  owing  to  the  slow  solubility  of  the  salt.  It  is  self-amalga- 
mating, and,  owing  to  the  high  conducting  power  of  the  solution, 
its  quantity  is  very  considerable — or,  to  speak  more  correctly ,  its 
resistance  is  very  small,  while  its  tension  is  such  that  8  of  its 
cells  are  equal  to  12  of  DanielFs. 

Ordinary  single  fluid  batteries,  owing  chiefly  to  polarization, 
do  not  produce  constant  currents  for  two  minutes  together,  and 
they  are  only  adapted  for  the  production  of  momentary  efiects, 
such  as  the  sounding  of  gongs,  ringing  of  bells,  firing  fuses,  or 
diil|fping  time  signals. 

('  ^\  The  batteries  of  Grove  and  Bunsen  are  not  used  in  England 
for  telegraphic  purposes ;  they  have  been  tried  on  the  Continent, 
but  in  almost  every  place  have  given  way  for  the  Daniell,  the 
Marie-Davy,  or  the  Leclanch^.  They  are,  however,  used  largely 
in  America. 

56.  Secondary  Batteries. — Polarization  (34,  35)  is  employed  in 
some  cases  to  produce  a  powerful  but  transient  current.  The 
principle  is  well  shown  in  Grove's  "  Gas  Battery."  Two  strips 
of  platinum  are  placed  side  by  side  in  acidulated  water,  and  are 
connected  to  the  two  poles  of  a  battery  suflSciently  powerful  to 
decompose  water  (34),  called  the  primary  battery.  Oxygen  is 
given  ofif  upon  one  of  the  strips,  hydrogen  upon  the  other; 
and  as  neither  hydrogen  nor  oxygen  have  an  affinity  for  plati* 
num,  both  gases  remain  upon  their  respective  metal  plates^ 
forming,  when  the  primary  battery  is  removed,  a  so-called 
secondary  battery  of  platinum  in  oxygen  opposed  to  platinum 
in  hydrogen,  the  current  resulting  from  which  will  be  in 
the  opposite  direction  to  that  of  the  primary  or  decomposing 
battery. 

57.  Lead,  or  any  other  metal,  with  but  a  slight  affinity  for 
oxygen,  may  be  used  instead  of  platinum ;  and  in  practice,  a 
number  of  plates  of  the  same  metal,  usually  thin  sheet-lead,  are 
arranged  in  series  as  a  batteiy  in  cells,  filled  with  dilute  sul- 
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phuric  acid,  or  with  sawdust  moistened  with  dilute  acid.  When 
a  current  from  another  batteiy  is  made  to  pass  through  it,  wate 
is  decomposed,  its  oxygen  forms  lead  peroxide,  coating  the  plates 
on  one  side  of  each  cell,  while  its  hydrogen  spreads  over  the 
opposite  plates,  polarizing  the  lead  plates,  and  forming  a  battery 
of  lead  with  hydrogen,  and  lead  with  peroxide  of  lead.  When 
the  primary  battery  is  removed,  and  the  poles  of  the  secondary 
batteiy  are  connected,  the  action  of  these  products  causes  a 
current  in  a  reverse  direction  to  that  of  the  primary  battery. 
The  duration  of  this  secondary  current  depends,  within  certain 
limits,  upon  that  of  the  primary. 

58.  A  zinc-carbon  batteiy  upon  this  principle  was  at  one  time 
used  for  distributing  the  time-signals  from  the  central  station  of 
the  Postal  Telegraphs,  but  has  been  superseded  by  the  Leclanch4. 
Each  altemcUe  partition  of  a  gutta-percha  trough,  divided  into 
cells,  is  cut  down  to  within  about  half  an  inch  of  the  bottom, 
and  the  two  divisions  thus  formed  are  filled  with  mercury,  care 
being  taken  that  the  two  portions  of  mercury  do  not  touch. 
Small  pieces  of  zinc  are  placed  in  one  portion,  and  a  plate  of 
graphite  (gas  carbon)  in  the  other,  as  the  two  plates  of  a  battery ; 
and  the  cell  is  filled  with  dUute  sulphuric  acid.  The  necessary 
connection  between  one  cell  and  another  is  formed  by  platinum 
wire  passing  through  the  percha  into  the  mercury.  To  excite  it, 
it  is  connected,  carbon  to  copper  emd  zinc  to  zinc,  with  a  battery 
of  about  twice  the  number  of  cells  for  about  half  an  hour.  This 
arrangement  produces  a  very  energetic  current  for  a  few  seconds, 
and  will  give  an  effective  signal  upon  ten  or  more  long  circuits. 

69.  When  there  is  no  local  action,  tJie  amount  of  decomposition 
in  each  and  every  cell  of  a  battery  is  eq^ml. 

That  is  to  say,  if  in  one  cell  of  a  series  of  100,  one  ounce  of 
copper  sulphate  is  decomposed,  exactly  one  ounce  will  be  de- 
composed in  each  of  the  other  99. 

60.  When  a  battery  is  in  good  condition,  each  cell  produces 
by  its  own  action  the  requisite  decomposition ;  but  if  a  cell  is 
weak,  it  must  be  assisted,  as  it  were,  by  the  rest ;  so  that  instead 
of  adding  to  the  force  of  the  battery  it  diminishes  it  As  old 
batteries  contain  exhausted  charges  and  foul  plates,  they  should 
never  be  placed  in  series  with  new  ones. 
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61.  If  all  the  cells  are  not  alike  in  size,  or  if  the  plates  in 
some  are  smaller  than  those  in  others,  the  smaller  will  be  first 
exhausted.  When  a  pair  is  reversed,  joined  copper  to  copper 
instead  of  copper  to  zinc,  its  solutions  are  -not  only  decom- 
posed by  the  remaining  cells,  but  the  latter  must  also  over- 
come the  electromotive  force  of  the  reversed  cell,  which  is 
obviously  contrary  to  that  of  the  battery.  If  in  a  series  of  four 
cells  one  be  reversed,  it  will  nearly  neutralize  the  effect  of  the 
remaining  three. 

62.  In  a  Daniell  battery,  the  action  of  the  current  deposits  on 
the  copper  plate  one  equivalent  or  25  parts  of  metallic  copper 
for  each  equivalent  or  26  parts  of  zinc  dissolved.  As  copper 
sulphate  contains  25*5  per  cent,  of  metal,  for  every  100  ounces 
of  sulphate  decomposed  25*5  ounces  of  copper  are  deposited, 
and  26  ounces  of  zinc  dissolved.  The  same  law  applies  to  the 
decomposition  of  that  portion  of  copper  sulphate  which  pene- 
trates the  zinc  cell,  and,  attacking  the  zinc  plate  locally,  forms 
the  deposit  which  falls  to  the  bottom  of  the  cell. 

63.  In  setting  up  a  Daniell  battery  the  following  precautions 
are  necessary : — The  crystals  of  copper  sulphate  should  be  the 
size  of  a  hazel-nut ;  if  large  crystals  are  crushed,  so  as  to  reduce 
them  in  part  to  powder,  they  form  a  compact  mass,  which  dis- 
solves so  slowly  as  to  be  almost  useless,  and  cannot  be  removed 
without  danger  of  breaking  the  cell. 

64.  The  copper  connecting-straps,  wires,  and  binding-screws 
must  be  perfectly  clean.  The  end  of  the  strap  which  is  cast 
into  the  zinc  should  be  tinned,  to  ensure  perfect  contact. 

The  plates  should  be  alike  in  size,  and  immersed  equally 
in  the  liquid.  The  coppers  should  be  carefully  brightened,  and 
the  zincs  brushed  clean.  Copper  plates,  if  very  dirty,  may  be 
cleaned  by  being  made  red-hot  and  dipped  into  weak  ammonia. 
A  piece  of  the  "  card  "  used  in  cotton  manufactories  is  the  best 
brush  for  battery  plates. 

65.  If  the  water  contains  lime,  it  decomposes  a  part  of  the 
sulphate,  forming  a  cloudy  or  jelly-like  deposit.  To  prevent 
this,  a  few  drops  of  dilute  sulphuric  acid  should  be  added,  and 
the  water  allowed  to  stand  to  deposit  the  lima  The  copper  cells 
should  be  charged  with  saturated  solution  of  copper  sulphate 
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before  any  liquid  is  poured  into  the  zinc  cells,  so  that  the  pores 
of  the  porous  divisions  may  be  filled  with  a  good  condiictor,  for 
otherwise  the  action  of  the  battery  will  be  checked. 

When  the  zinc  cells  of  a  battery  are  charged  with  water 
only,  it  rarely  assumes  its  full  power  until  it  has  been  at  work 
for  two  or  three  days;  but  it  can  inamediately  be  set  in  full 
action  by  the  addition  of  solution  of  zinc  sulphate,  provided 
the  porous  cells  or  divisions  are  well  saturated  with  the  copper 
solution. 

66.  It  is  false  economy  to  work  Daniell  batteries  after  the 
zinc  or  the  porous  cells  have  become  coated  with  copper,  or  to 
use  cracked  porous  cells. 

67.  When  a  battery  is  cleaned  the  plates  should  be  removed, 
and  the  divisions  thoroughly  rinsed  and  washed  out,  the  plates 
well  scraped  and  scrubbed,  defective  porous  cells  and  zinc  plates 
removed,  and  the  battery  again  carefully  charged. 

In  re-charging  the  battery,  the  liquid  from  the  zinc  cells  may 
be  used.  It  may  be  withdrawn  by  a  syringe  before  the  battery 
is  cleaned,  and  (42)  placed  in  a  vessel  containing  a  few  pieces  of 
zinc  to  reduce  any  copper  that  may  remain  in  solution.  When 
the  battery  has  been  cleansed,  the  plates  replaced,  and  the 
copper  sulphate  deposited  in  the  cells,  the  solution  may 
be  distributed  equally  throughout  the  zinc  cells — diluted  if 
necessary  (72). 

68.  Batteries  must  be  kept  in  a  dry  place,  and  be  well-insiUated, 
or  part  of  the  current  will  escape  to  the  earth.  If  the  room  be 
too  warm,  the  water  will  evaporate.  Cold  stops  their  action,  so 
that  they  must  never  be  placed  where  they  are  not  perfectly 
secure  from  frost. 

69.  Porous  cells,  or  troughs  fitted  with  porous  plates,  if  set 
aside  after  they  have  been  used,  must  be  kept  moist,  or  the 
sulphate  of  zinc  contained  in  the  pores  will  crystallize  and 
destroy  them,  by  an  action  similar  to  that  of  frost. 

70.  Both  zinc  and  copper  salt  must  be  of  the  very  best  quality, 
the  salt  free  from  iron,  which  is  the  principal  impurity,  and  the 
zinc  from  lead. 

Test  for  the  Purity  of  Copper  Sulphate. — To  detect  iron, 
dissolve  the  crystals  in  water,  and  add  liquid  ammonia ;  this 
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will  at  first  precipitate  both  the  copper  and  the  iron,  making  the 
solution  appear  cloudy ;  but  if  more  ammonia  is  added  the 
copper  will  be  re-dissolved,  forming  a  bright  blue  solution, 
while  the  iron  will  remain  as  a  brown  powder.  Good  sulphate 
should  contain  a  mere  trace  of  iron.  The  following  are  analyses 
of  the  quality  supplied  to  the  Post  OflSce : 

Crystallised  copper  sulphate    .  99-66— 98*48  per  cent. 

Iron  sulphate -09—  012 

Extraneoius  water '25 —  1*40 


Zinc. — Zinc  contains  carbon>  lead,  and  iron;  the  latter  is 
partly  derived  from  the  melting-pots,  which  should  be  lined 
with  fire-clay.  Four  parcels  submitted  to  analysis  contained 
respectively : — 


Zinc 

.    99-27 

.  .  98-76    . 

97-85    . 

98-85  per  cent. 

Lead    . 

0-67 

.      118    . 

2-05    . 

M3       „ 

Iron 

0-06 

.      0-06    . 

010    . 

0-02       .. 

Hie  purest  sample  was  Silesian  spelter. 

71.  In  order  to  ascertain  the  working  condition  of  a  battery, 
it  should  be  tested  with  a  galvanometer  wound  with  two  or 
three  yards  of  thick  wire  ("  Quantity  Detector "),  or  with  an 
ordinary  detector,  whose  sensitiveness  is  reduced  by  a  '*  shunt," 
so  as  to  allow  but  a  very  small  portion  of  the  current  to  flow 
through  its  coils.  One  cell  in  good  order  will  give  as  laige  a 
deflection  as  100  of  the  same  kind,  but  if  any  one  of  the  100  is 
defective,  the  deflection  will  be  less  than  that  given  by  a  single 
good  cell;  one  bad  cell  will  spoil  the  entire  set. 

The  trough  which  is  faulty  shoidd  first  be  found,  and  then 
the  particular  cell  of  that  trough,  which  may  be  cut  out  by 
connecting  the  plates  with  wire  (45). 

72.  The  following  are  the  most  usual  faults  of  the  Daniell : — 

Weak  current. — Copper  sulphate  exhausted.  Zinc  sulphate 
solution  too  strong,  perhaps  crystallized  upon  the  zincs;  it 
should  never  be  allowed  to  become  more  than  half  saturated. 
Zincs  covered  with  a  deposit  of  copper.    Terminals  corroded,  or 
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encrusted  with  dry  sulphates  (this  fault  is  very  frequent).  A 
cell  partly  empty,  the  liquid  drawn  ofif  by  the  syphon-like 
action  of  the  crystals  of  zinc  sulphate  (46).  Dirty  connections ; 
battery  making  earth  from  damp ;  wires  badly  insulated^  making 
earth  or  contact.  Filaments  of  deposited  copper  extending 
across  from  the  copper  to  the  zinc  plate. 

Intermittent  Current, — A  battery  plate  broken,  touching  at 
times,  and  at  other  times  becoming  separated.  Loose  battery 
wire. 

Ifo  Cttrrent — Broken  battery  wire  or  plate ;  empty  cell ; 
batteiy  wires  in  contact,  perhaps  where  stapled  down  to  the 
table  or  wall ;  or  wire  in  contact  with  eartL 

It  often  happens  that  the  copper  plate  is  eaten  away  near  the 
surface  of  the  solution  when  the  supply  of  copper  sulphate  ia 
exhausted. 


PAET  11. 


RESISTANCE  AND   THE  LAWS   OF  THE  CDBRENT. 

73.  When  the  poles  of  a  battery  are  connected  by  a  con- 
ductor, the  electricity  is  assumed  to  flow  as  a  current  from  the 
zinc  to  the  copper  plate  through  the  battery  itself;  and  from 
the  positive  or  copper  to  the  negative  or  zinc  pole,  through  the 
conductor  (23)  which  connects  them. 

A  telegraph  circuit  (so  called)  consists  of  the  battery,  the 
instruments,  and  a  conductor  composed  of  the  line-wire  and  the 
earth.  A  return-wire  is  used  instead  of  the  earth  when  the 
circuit  is  very  short. 

74.  Owing  to  the  rapidity  with  which  the  electric  force  is 
propagated  in  the  form  of  a  current,  when  not  influenced  by 
induction,  any  effect  which  can  be  produced  on  a  short  circuit 
can  be  produced  at  a  distance  at  the  same  instant  of  time,  sub- 
ject to  a  diminution  of  force  arising  from  causes  which  diminish 
the  quarUity  of  electricity  or  force  of  the  current  before  its 
arrival  at  the  distant  end,  and  thus  weaken  the  signal;  for  the 
strength  of  all  telegraphic  signals^  including  the  deflection  of 
the  galvanometer,  depends  upon  the  quantity  of  electricity 
passing  through  the  receiving  apparatus  in  a  given  time,  which 
is  itself  governed  by  the  electromotive  fo^^ce  of  the  battery,  the 
resistance  the  electricity  has  to  overcome,  and  the  losses  from 
defective  insulation  (189).  If  the  electromotive  force  of  the 
battery  is  increased,  it  is  with  the  view  of  overcoming  the  re- 
sistance of  the  circuit,  so  that  more  electricity  may  pass  in  a 
ffiven  time.     If  two  batteries  be  compared,  it  will  be  found  that 
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the  strength  of  the  signal  through  a  large  resistance  is  exactly 
proportional  to  their  potentials  as  shown  by  the  electrometer. 

75.  As  stated  by  Ferguson,  the  electromotive  force  of  the 
voltaic  pair  is  proportional  to  the  intensity  of  the  chemical 
action;  the  curreiU  strength  (quantity)  to  the  amount  of  this 
action,  or  the  quantity  of  zinc  dissolved  in  a  given  time ;  and 
the  resistarice  is  that  which  prevents  the  former  &om  generating 
the  latter. 

76.  Sesistance  is  the  obstruction  offered  to  the  current  by  the 
bodies  through  which  it  is  made  to  pass,  and  is  the  opposite, 
reciprocal,  or  converse  of  their  conducting  power  or  condtictivity. 
When  tesistance  is  so  great  as  to  approach  infinity,  it  becomes 
instUation. 

77.  All  bodies  do  not  conduct  equally  well;  each  has  a 
certain  specific  resistance — ^that  is,  a  resistance  peculiar  to  itself. 

Silver,  for  instance,  has  less  resistance  and  higher  conduc- 
tivity than  any  other  known  substance. 

If  pure  silver  be  taken  as  having  a  conducting 

power  or  condiictivUy  of 1000 

Pure  Copper  (hard  drawn)  will  be  equal  to  .  99*9 

„    Gold  (hard) 780 

„    Zinc  (pressed) .  290 

„    Platinum  (soft) IS'O 

Iron  (soft) (nearly)  16 '8 

Tin  (soft) 12-3 

Lead 8'3 

„    Mercury  (commercially  pure)   ....  1*6 

The  figures  given  are  according  to  Matthiessen's  most  recent 
determinations.  The  conducting  power  of  the  metals  of  com- 
merce  differs  very  widely  from  the  values  given  in  the  text 
Imparities  always  lessen  conductivity. 

Saline  and  acid  solutions,  though  the  best  of  liquid  (non- 
metallic)  conductors,  offer  enormously  more  resistance  than 
metals,  thus: — 

If  the  resistance  of  copper  bo 1, 

That  of  1  part  sulphuric  acid  to  11  of  water  will  be     1  million, 
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That  of  a  saturated  solution  of  zinc  sulphate 

will  be 16  millions, 

That  of  a  saturated  solution  of  zinc  sulphate 

diluted  with  equal  parts  of  water  will  be     .      14  millions, 

That  of  a  saturated  solution  of  copper  sulphate 

will  be        17  millions 

And  of  distilled  water 6,754  millions. 

78.  If  a  constant  battery  be  connected  with  a  galvanometer 
by  wires  of  various  thicknesses  and  lengths,  it  will  be  found 
that  the  greater  the  resistance  introduced  into  the  circuit  the 
less  the  needle  is  deviated,  showing  that  the  current  is  enfeebled. 
The  relative  resistances  of  different  wires  may  thus  be  com- 
pared. If  two  wires  introduced  in  turn  into  the  circuit  produce 
the  same  deflection,  their  resistances  are  equal,  whatever  be  their 
gauge  or  length. 

Instead  of  comparing  the  resistance  of  one  wire  with  another 
arbitrarily,  it  is  convenient  to  fix  on  some  one  standard  to 
which  all  may  be  compared.  For  instance,  if  one  mile  of 
copper  wire  50  mils^  diameter  (the  gauge  ordinarily  used  for 
tunnels  and  underground  work)  be  placed  in  circuit,  and  the 
deviation  of  the  needle  noted,  we  can  find  by  trial  how  much 
copper  wire  or  German  silver  wire  (the  resistance  of  which  is 
greater  than  copper)  must  be  used  to  produce  the  same  deflec- 
tion with  the  same  battery  and  galvanometer.  This  wire,  if 
wound  on  a  bobbin  and  preserved,  becomes  our  mile  measure. 
If  a  number  of  bobbins  are  filled  with  fine  wire  equal  in 
resistance  to  various  lengths  of  the  thicker  wire,  we  obtain  a 
rheostat,  or  set  of  resistance  coils,  adapted  to  this  standard. 

79.  Several  standards  or  units  of  resistance  have  been  pro- 
posed. The  unit  adopted  by  the  electricians  of  this  country  is 
that  determined  by  a  Committee  of  the  British  Association,  and 
is  called  the  "  ohm  "  (from  Ohm,  who  first  ascertained  the  laws 
of  electrical  resistance^  and  sometimes  the  '* B.A.  unit''     It 

^  As  there  U  no  authorized  standard  for  the  Birmingham  wire  gauge,  precision 
as  to  diameter  can  only  he  ohtained  hy  stating  it  in  decimals  of  an  inch.  The 
word  mil  (introduced  hy  Clark),  means  a  ih9U8andth  of  an  inch,  so  that  50  mils 
stands  for  0  '050  inch.    It  must  not  he  mistaken  for  millimetre. 


KESISTANCE  AND  THE  LAWS  OF  THE  CUKREKT.  31 

must  be  understood  that  the  unit  is  a  measure  of  resistance,  in 
the  same  way  as  the  yaid,  inch,  or  mile  is  the  measure  of 
lenffth. 

''Siemens'  unit"  is  the  resistance  of  one  metre ^  of  pure 
mercury,  of  one  square  millimetre  section,  at  a  temperature  of 
32^  The  Siemens'  unit  being  taken  as  1,000,  the  ohm  will  be 
956 ;  in  other  words,  the  ohm  is  4'4  per  cent  smaller  than  the 
Siemens.  The  French  unit  is  one  kilometre  of  the  iron  wire  in 
general  use,  four  millimetres  diameter,  and  its  value  is  about 
nine  ohms. 

All  experiments  for  resistance  can  as  well  be  performed  with 
an  artificial  line  made  up  with  resistance  coUs  as  on  the  actual 
telegraph,  provided  we  do  not  require  to  take  into  account  the 
effect  of  bad  insulation,  or  inductioiL 

80.  The  resistanoe  of  metals  increases  with  an  increase  of 
temperature,  while  that  of  saline  solutions  decreases,  so  that 
during  very  accurate  measurements  the  temperature  must  be 
kept  constant ;  and  it  is  necessary  to  use  for  resistance  coils  a 
metal  affected  a  little  as  possible  by  variations  of  heat 

Matthiessen  states,  in  the  Beport  of  the  British  Association 
Committee  on  Standards  of  Electrical  Resistance,  1863,  that 
pure  iron  *  varies  between  zero  and  100**  Centigrade  (32**  and 
212**  Fahrenheit)  as  much  as  392  per  cent  other  pure  solid 
metals  29*3,  wlule  German  silver  varies  only  44  per  cent  (See 
Table  10.)  It  is  therefore  the  best  of  the  ordinary  materials  for 
the  purpose.  An  alloy  of  silver  with  33  4  per  cent  of  platinum 
varies  only  3'1  per  cent 

81.  The  comparative  purity  of  a  metal  affects  its  resistance 
most  materially.  In  copper  this  is  particularly  marked — so 
much  so,  that  the  copper  wire  of  50  mils  gauge  now  used  con- 
ducts nearly  as  well  as  older  wire  of  65  mils  gauge.  Lake 
Superior  copper,  according  to  Matthiessen,  has  a  conducting 
power  of  92*6  per  cent  (pure  copper  being  100),  Burra  Burra 


1  The  metre  is  equal  to  39*87  inches  ;  the  millimetre,  0*089  inches. 

*  No.  8  iron  wiie  (170  in.)  increases  in  resistance  between  32"  and  60*  F. 
0-770  ohm  per  mile,  and  No.  11  (125)  1-628  ohms.  This  is  2097  per  cent,  for 
each  degree,  and  yery  nearly  agrees  with  Matthiessen*s  determination  for  pui-e 
iron,  -2180  per  cent 
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83*7,  Rio  Tinto  only  14*2  per  cent.  It  is  therefore  necessary  to 
test  carefully  the  specific  conducting  power  of  all  copper  wire 
supplied  for  telegraphic  purposes.  It  should  not  be  less  than 
90  per  cent.,  for  wire  of  this  quality  can  readily  be  obtained. 
For  cables  and  for  the  coils  of  apparatus  the  conductivity  should 
be  over  90  per  cent. 

82.  The  resistance  of  a  solid  conductor,  such  as  a  telegraph 
wire,  is  in  direct  proportion  to  its  length,  and  in  the  inverse 
proportion  of  its  weight  per  mile.  Ten  miles  of  wire  oflFer  ten- 
fold the  resistance  of  a  single  mile  of  the  same  wire,  and  a  wire 
weighing  one  pound  per  mile  has  tenfold  the  resistance  of  one 
which  weighs  ten  pounds. 

The  resistance  lessens  as  the  size  of  the  wire  increases,  in  the 
ratio  of  the  square  of  its  diameter.  It  will  take  four  wires 
^th  of  an  inch  thick  to  make  up  the  substance  of  a  single  wire  ^ 
of  an  inch  thick,  and  the  J-inch  wire  will  offer  only  a  quarter  of 
the  resistance  of  the  ^-inch  wire,  the  lengths  being  equal.  Four 
miles  of  the  thick  wire  will  conduct  as  readily  as  one  mile  of  the 
thin.  If  the  thickness  of  the  wire  be  increased  to  |-inch,  nine 
miles  will  for  the  same  reason  offer  the  same  resistance  as  one 
mile  of  the  thin  conducting  wire  (nine  being  the  square  of  three). 

Hence  the  advantage  of  a  thick  line  wire.  If  the  battery  and 
instrument  offer  a  comparatively  feeble  resistance,  as  good  a 
signal  can  be  produced  at  nine  miles'  distance  with  a  wire  f-inch 
diameter,  as  at  one  mile  with  a  wire  only  Jth  thick.  A  further 
advantage  is,  that  a  thick  wire  need  not  be  insulated  so  carefully 
as  a  thinner  one. 

The  resistance  of  the  iron  wire  most  generally  used  is — 

In. 

*  240  mils  (No.  4)     .     0-240—  7*8  ohms  per  mile. 
170    „     (  „    8)     .     0170— 13-5 
125   „      (  „  11)     .     0125— 23-0 

"  Homogeneous  "  metal  and  steel  have  a  hi^^jher  resistauce. 
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*■  This  must  be  considered  merely  an  approximation  ;  a  very  slight  difference 
in  the  gauge  or  in  the  temperature  will  cause  a  great  variation  in  the  resistance. 
A  careful  test  recently  gave  14*28  ohms  per  mile  for  wire  of  170  mils  after  erec- 
tion on  the  line. 
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83.  It  will  be  understood  that  the  resistance  of  a  telegriiph 
circuit  is  the  sum  of  the  resistances  of  its  several  parts;  the 
battery,  the  line- wire,  and  the  coils  of  the  apparatus. 

The  efifect  of  inserting  a  length  of  thinner  wire  on  the  line  is 
simply  to  increase  its  resistance,  and  to  make  the  line,  as  it 
were,  so  much  the  longer. 

When  two  wires  or  two  batteries  are  connected  side  by  side 
the  resistance  will  be  halved,  if  they  are  precisely  similar  in  all 
respects ;  but  if  they  are  dissimilar,  their  joint  resistance  follows 
the  law  stated  in  the  chapter  on  Insulation. 

As  the  battery  itself  forms  part  of  the  circuit,  its  resistance 
is  a  matter  of  great  importance.  This  resistance  is  compounded 
of  that  of  the  liquids  with  which  the  battery  is  charged,  and  that 
of  the  porous  divisions  which  separate  them.  It  is  modified  by 
the  size  of  the  plates,  for  the  larger  the  plates  the  greater  the 
area  of  the  liquid,  and  the  less  its  resistance ;  and  by  their 
distance  from  each  other,  for  the  closer  they  are  placed,  the 
shorter  is  the  liquid  conductor.  As  liquids  are  bad  conductors 
(76),  the  size  and  distance  of  the  plates  have  a  very  great  in- 
fluence on  the  resistances  of  the  celL 

The  material  of  the  porous  divisions  is  generally  a  non- 
conductor, so  that  the  current  passes  entirely  by  its  pores.  The 
introduction  of  porous  divisions,  therefore,  increases  the  resist- 
ance of  the  cell,  by  decreasing  the  area  of  the  liquid. 

84.  As  a  battery  is  merely  a  number  of  cells  connected  in 
series,  its  resistance  increases  in  direct  proportion  to  the  number 
of  cells  composing  it. 

The  electromotive  force  also  increases  in  the  same  proportion. 
Ten  cells  will  have  tenfold  the  force  of  one  cell  (25),  and  ten 
times  the  resistance. 

85.  Every  part  of  a  circuit  (including,  of  course,  the  battery) 
whatever  be  its  form,  nature,  or  resistance,  is  traversed  in  a  given 
time  by  equal  quantities  of  electricity ;  just  as  in  a  river  the 
same  quantity  of  water  passes  any  given  part  of  the  channel 
each  minute,  whether  the  stream  be  narrow  or  broad,  shallow  or 
deep ;  because  each  part  is  supplied  by  that  which  precedes  it* 
and  in  the  like  manner  supplies  the  succeeding  length. 

86.  The  current  through  the  circuit  will  equal  the  electro- 

p 
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motiye  force  of  the  battery,  or  the  difference  of  potential 
between  the  two  poles  caused  by  the  electromotiye  force, 
divided  by  the  snm  of  the  resistances  of  the  battery,  con- 
ductizig-wire,  and  apparatus  for  signalling,  forming  the  circuit. 

Call  the  electromotive  force E 

„     battery  resistance r 

apparatus  and  line  resistance .    .     / 
total  resistance  (r  +  /)  .    .    .    .    R 
And  the  strength  of  the  current  or  quan-  \q 
tity  of  electricity  passing  each  second ) 

Then  C  =  ,^^- 
E  +  L 

This  is  one  of  Ohm's  celebrated  laws,  and  is  the  basis  of  all 
the  mathematical  laws  of  electric  currents ;  it  shows  that  the 
less  the  resistance  (r  +  I  =  R),  the  more  current  (C)  will  pass 
in  a  given  time;  or  in  other  words,  the  greater  will  be  its 
quantity. 

87.  Take  a  battery  of  24  cells,  whose  resistance  (r)  is  120 
ohms,  and  whose  electromotive  force  (E)  is  10  per  cell,  or  240 
for  the  24  cells. 

A.  Connect  it  to  a  "  quantity "  galvanometer  (59),  whose  re- 
sistance (Q  is  so  small  that  it  may  be  neglected.  Here,  as  the 
only  resistance  in  the  circuit  is  that  of  the  battery  itself,  R  =  r. 
The  effective  strength  or  quantity  of  the  current  will,  in  this 

.  E      240       , 

case,  be ^  =  ^-^t;  =  2 

'        R     120 

Take  off  half  the  battery |^  =  -^  =  2 

Remove  all  but  a  single  cell ^^  =  -^  =  2 

AK       o 

Thus,  when  there  is  an  infinitely  small  extemcU  resistance,  or 
when  the  conductor  connecting  the  poles  of  the  battery  is  so 
large  that  it  offers  no  appreciable  obstacle  to  the  current,  one 
cell  will  give  as  large  a  deflection  as  any  number  of  similar 
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cells  that  may  be  connected  in  ciicnit ;  for  each  cell  iringe  its 
own  resistance  with  it,  and  the  increased  electromotive  force  is 
solely  occupied  in  overcoming  this  increased  resistance;  if,  then, 
the  resistance  of  a  circuit  be  increased  in  the  same  proportion 
as  the  number  of  cells  in  the  series,  the  deflection  wiU  remain 
unaltered. 

This  is  expressed  generally  thus — If,  under  such  conditions, 
we  have  n  cells  {n  representing  the  number  of  cells  in  the 

battery),   -^  will  equal  —. 

B.  But  if  the  same  battery  be  tested  with  a  detector  wound 
with  fine  wire,  whose  resistance  (Q  is  120  ohms — 


With  24  cells 


With  12  cells 


With    6  cells 


r  +  1 
E 

__iE_ 
ir  +  / 

ir  +  l 


240 
120  +  120 

120 
60  +  120 

60 
30  +  120 


10 


»66 


Here  the  deflection  increases  with  the  number  of  cells,  but 
not  exactly  in  proportion  to  the  number  added,  for  each  cell 
brings  its  resistance  with  it,  and  thus  lengthens  the  circuit. 

88.  Connect  the  same  battery  to  a  wire,  the  resistance  of 
which,  including  the  galvanometer,  is  but  20  ohms. 


BATTERY  RESISTANCE   (r)  =  120   OHMS. 


(Hjnrt 


nnrt 


A 


LINE  Ain>  GALVANOMETER   (Q  =  20   OHMS. 

Fio.  4. 


The  quantity  of  the  current,  as  measured  by  the  deflection  of 
the  galvanometer,  will  be  ^^^  .  ^^  ^  17. 


120  +  20 


D  2 
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89.  "  Double  the  quantity,"  *  as  it  is  technically  termed,  by 
placing  two  similar  sets  side  by  side,  connecting  the  two  tenninal 
zincs  together,  and  the  two  terminal  coppers,  thus : — 


r  =  60  OHMS. 


Z  ==  20  OHMS, 
FlO.  5. 

The  electromotive  force  of  the  battery  will  be  the  same  as  with 
the  single  set,  while  its  resistance  will  be  halved,  because  the 
size  of  the  plates  is  doubled. 

Therefore   the   current  will    be  ^ — ^  =  3*0,  or  nearly 
double. 

90.  Connect  the  two  sets  in  siTigle  series,  thus : — 


I  =  20  OHMS. 
Fio.  6. 


*  This  operation  is  mow  properly  caUed  connecting  the  batteries  in  muMipU 
are,  or  in  parallel  series. 
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The  electromotive  force  will  be  doubled,,  but  the  battery  resist- 
ance wiU  also  be  doubled,  and 

the  quantity  will  be^^^n — on  ~  ^^  nearly. 

or  only  '2  greater  than  with  half  the  number  of  cells ;  for  the 
extra  number  of  cells  are  almost  entirely  employed  in  over- 
coming the  resistance  they  have  brought  with  them. 

91.  Connect  the  battery  to  a  wire  and  galvanometer,  whose 
resistance  (I)  is  1,000  ohms. 

With  24  cells  the  quantity  will  be  --o^ tttttti  =  21. 

^  -^  120  + 1000 

With  two  sets  of  24  cells,  arranged  for  "quantity,"  or  in 

240 
parallel  series,   ^ =^wwt  =  2*2,  or  nearly  the  same  as  with 

one  set 

But    when    the    two  sets    are    arranged    in    single    series 
=  39  nearly,  or  almost  double  the  effect  of  the 


240  +  1000 

original  number  of  cells. 

92.  Thus,  the  greater  the  resistance  of  the  line,  the  less,  pro- 
portionately is  the  effect  of  the  resistance  of  the  battery ;  and 
the  less  the  resistance  of  the  line,  the  greater  the  effect  of  the 
resistance  of  the  battery. 

93.  On  a  short  line,  or  a  badly. insulated  long  line,  the  size  of 
the  plates  may  be  increased  with  advantage,  for,  the  resistance 
being  less,  the  battery  '*  works  the  harder,"  and  is  sooner 
exhausted. 

On  a  long  circuit,  there  is  little  or  no  advantage  in  increasing 
the  size  of  the  plates  if  the  line  be  well  irmdated,  but  great 
advantage,  up  to  a  certain  limit,  in  increasing  their  number. 

94.  It  sometimes  happens  tlmt  a  supply  of  large  cells,  or 
batteries  of  smalt  resistance,  is  not  at  hand  for  a  faulty  line, 
or  a  local  circuit.  The  following  calculation  will  show  how 
to  produce  the  greatest  possible  effect  with  a  given  number 
of  equal  small  batteries  for  a  temporary  purpose : — 

Suppose  the  line  has  a  resistance  of  80  ohms : 


m 
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The  number  of  cells  120,  in  12  troughs  of  10  cells: 

The  resistance  of  each  trough  60  ohms : 

The  electromotive  force  of  each  trough  100,  as  before. 

(i,)  If  connected  in  single  series— 


/TinriiiirtniftiiEn 


Eiiinirinrnrtiirn 


Fio.  7. 


The  electromotive  force  wfll  be.    .  12  x  100  =  1200  -  E. 
The  resistance  of  the  batteries .    .  12  x    60  =    720  =  n 
The  resistance  of  the  line 80  =  Z. 


•     •     • 


£ 


^,  or  the  electromotive  force  divided  by  the  total  resistance, 


.        1200      .- 


(ii.)  If  connected  in  two  parallel  series  of  6  troughs  each — 


Fio.  8. 


The  electromotive  force  will  be  6  x  100 

720 


The  resistance  of  the  batteries 
The  resistance  of  the  line  .    . 
And  the  current  in  circuit      . 


2x2 


600 
260 


600 

180^ 

80 

2-3 


^  The  recdstunce  of  the  battery  is  reduced  to  one-half,  becanse  there  are  but 
half  the  number  of  cells.  The  resistance  is  again  halved,  becanse  each  ceU  is 
doubled  in  me.  Hence  the  resistance  of  the  doubled  series  is  2  x  2  =  one* 
quarter  of  the  original  resistance. 
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(iij.)  If  connected  in  3  sets  of  4  troughs. 

'   nnirtnifr   ' 


Fio.  9. 

Electromotive  force  .  . 
Resistance  of  batteries  . 
Sesistance  of  line  .  . 
The  current  in  circuit    . 


4  X  100 
720 
3x3 


•        • 


400 
160 

(iv.)  If  connected  in  4  sets  of  3  troughs — 


400 
80 
80 

2-5 


Fio.  10. 


Electromotiye  force  .    . 
Beaistance  of  batteries  . 


3  X  100 
720 


Besistance  of  line 


The  current  in  circuit  . 


300 
125 


300 
45 
80 
2-4 


The  greatest  effect,  then,  of  a  given  number  of  cells  is  pro- 
duced when  they  are  so  arranged  that  the  battery  resistance 
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equals  that  of  the  line,  as  in  No.  iii. ;  and  consequently,  when  a 
battery  is  placed  on  that  line  which  is  best  adapted  to  it,  the 
current  it  wUl  give  is  exactly  one-half  of  that  which  it  gives 
when  on  short  circuit,  or  when  the  resistance  of  the  line  is 
nothing. 

95.  Theoretically,  then,  the  maximum  eflfectof  a  certain  given 
surface  of  zinc  is  attained  when  it  is  divided  into  so  many  plates 
that  the  resistance  of  the  battery  shall  equal  that  of  the  line. 
It  has  been  argued  from  this,  that  the  plates  ordinarily  used 
may  be  reduced  in  size  with  economy. 

For  a  single  experiment,  such  as  testing  a  tunnel,  a  battery  of 
small  plates  constructed  on  this  principle  is  useful ;  not  so  for 
continued  use  on  a  circuit ;  for  in  practice  the  resistance  of  a 
line  of  telegraph  constantly  varies.  The  battery,  if  calculated 
for  a  perfect  state  of  insulation,  wiU  not  only  theoretically,  but 
practically  have  too  much  resistance  when  a  fault  occurs  on 
the  line,  or  when  rain  comes  on.  Besides  this,  causes  which 
affect  the  constancy  of  a  battery,  such  as  the  fouling  of  the 
plates,  polarization,  &c.  &c.,  have  a  greater  effect  on  the  small 
pairs,  because  they  are  spread  over  a  small  surface ;  while,  if  the 
plates  were  doubled  in  size,  the  deposit  or  the  gas  would  have 
double  the  space  to  cover,  and  would  do  less  harm. 

96.  The  cells  should  be  so  large,  that  the  battery  shall  offer 
considerably  less  resistance  than  the  line.  It  shoidd  have 
sufficient  electromotive  force  to  overcome  the  resistance  of  the 
line,  and  be  able  to  supply  sufficient  electricity  to  make  up  for 
the  losses  on  the  way. 

97.  There  is  a  disadvantage  in  making  up  a  "  quantity  bat- 
tery" by  connecting  batteries  of  small  plates  side  by  side. 
Unless  they  are  perfectly  equal  in  power  and  conductibility, 
the  stronger  will  have  a  tendency  to  send  a  current  back 
through  the  weaker;  for  a  battery  must  not  be  considered 
merely  as  a  producer,  but  also  a  conductor  of  a  current. 

When  DanieU's  batteries  are  thus  associated  for  "  quantity  " 
or  connected  in  parallel  series  for  a  considerable  time,  one  must, 
sooner  or  later,  overpower  the  other ;  when  this  occurs,  the  copper 
sulphate  of  the  weaker  battery  is  driven  through  the  porous  cells, 
and  copper  is  deposited  on  the  zinc,  annihilating  the  electromo- 
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tive  force  and  producing  great  local  action.  Hence  it  is  much 
better  to  use  one  plate  of  32  square  inches^  than  two  of 
16  square  inches  placed  side  by  side. 


THE   EAETH. 

98.  It  was  at  one  time  imagined  that  the  earth  completed  the 
circuit  precisely  in  the  same  manner  as  a  return  wire. 

Another  view  is,  that  as  whenever  one  kind  of  electricity  is 
produced,  an  equal  quantity  of  the  opposite  is  also  produced ; 
and  as  both  electricities  are  ultimately  transferred  to  the  earth, 
they  neutralize  one  another,  because  of  the  earth's  perfect  con- 
ductibiUty. 

The  following  explanation  may  be  given : — It  has  been  shown 
that  the  cause  of  the  transfer  of  dectricity  from  one  point 
to  another  is  the  difference  of  potential  between  those  points. 
When  two  small  insulated  and  unelectrified  conductors  are  placed 
each  in  contact  with  one  of  the  poles  of  a  battery,  they  are 
raised  to  the  potential  of  the  battery,  it  having  furnished  a  current 
sufficient  to  charge  them,  but  not  of  sufficient  duration  to  move 
a  galvanometer  needle. 

If  the  conductors  are  enlarged,  the  time  occupied  in  charging 
them  will  increase,  until,  as  tiiey  are  still  further  enlarged,  a 
limit  will  be  reached  at  which  the  flow  of  electricity  into  them 
tvill  last  long  enough  to  affect  the  galvanometer ;  and  when  the 
conductors  become  infinitely  long  or  infinitely  large,  the  time 
occupied  in  chargiog  them  also  becomes  infinite ;  or,  in  other 
words,  the  current  will  pass  precisely  as  if  the  poles  were  con- 
nected, and  this  whether  the  conductors  remain  insulated  or  are 
connected  together. 

Thus,  when  the  extremities  of  a  telegraphic  circuit  are  con- 
nected to  the  earth,  which  is  an  infinitely  large  conductor,  and 
is  always  at  the  zero  of  potential,  the  difference  of  potential 
between  them  and  the  earth  is  maintained,  notwithstanding  the 
flow  of  electricity ;  for  it  is  as  impossible  to  alter  the  electric  con- 
dition of  any  one  point  of  the  earth,  by  our  feeble  means  (unless, 
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indeed,  where  the  soil  insulates,  and  here  the  telegraph  wonld 
not  act)  as  it  is  to  alter  the  level  of  the  sea  by  pouring  in  or 
pumping  out  water  from  it 

The  earth  acts  also  as  an  ordinary  conductor,  and,  where  the 
soil  is  very  dry  or  rocky,  offers  resistance ;  but  if  two  earth- 
plates  be  buried  in  the  soil,  the  resistance  of  the  portion  in- 
cluded between  them  does  not  vary  in  the  ratio  of  their  dis- 
tance, as  it  would  if  the  soil  between  them  were  enclosed  in  a 
box.  Blavieri  gives  the  following  results,  which  were  obtained 
by  Matteuci ;  the  size  of  the  plates  being  the  same  in  each 
case: — 

Resistance.  Resistance. 

Plates  1  yard  apart  on  the  level  plain,  68,  on  a  mountain,  152 
w      0  „  „  y  I  „  •— 

„    10  „  „  102  „  222 

„    20  „  „  109  .,  — 

„    50  „  „  120  „  531 

„  100  „  „  —  „  849 

The  soil  of  the  plain  was  probably  in  itself  a  better  conductor 
and  damper  than  the  rocky  soil  of  the  mountain. 

The  resistance  was  found  to  diminish  inversely  as  the  depth 
to  which  the  plates  are  buried. 

When  buried  4  inches  the  resistance  was  91. 

„  10  „  „  83. 

40  „  „  74 

80  „  „  70. 

The  size  of  the  plates  has  the  greatest  influence  on  the  re- 
sistance. 

If  a  plate  containing  1  square  foot  of  surface  gives  a  resist- 
ance of  174, 

A  plate  of  4  square  feet  will  give  a  resistance  of  140. 

n  10  „  „  „  ol. 

w  -^^  M  w  »>  ^•» 

»  oJ  „  „  „  31. 

^  "  T^graphie  £lectrique,'*  ^ar  E.  E.  Blavier. 
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But  after  a  certain  size,  varying  with  the  conducting  power  of 
the  soil  around  the  plates^  the  resistance  remains  constant  In 
the  sea  this  limit  is  very  quickly  reached. 

After  a  certain  distance,  varying  with  the  conducting  power 
of  the  soil  and  the  size  and  depth  of  the  plates,  a  further  in- 
crease of  distance  makes  no  di£ference  in  the  resistance. 

Conduction  does  not  take  place  solely  in  the  direct  line 
between  the  two  plates,  but  extends  in  curved  lines  on  all  sides. 
It  is  thus  easily  seen  why  the  resistance  decreases  with  the 
depth  to  which  the  plates  are  buried,  is  less  on  a  plain  than  on 
a  mountain,  and  is  greater  when  a  portion  of  soil  is  isolated  by 
being  placed  in  a  box,  for  then  conduction  takes  place  only  in 
the  direct  line,  and  there  can  be  no  diffusion.  Its  resistance  then 
follows  the  same  law  as  that  of  any  other  substance,  depending 
on  its  dryness  or  dampness,  its  nature,  and  its  length  and 
section. 

On  short  lines  the  resisteuice  of  the  earth  is  a  matter  of  the 
greatest  importance. 

If  the  earth  terminals  of  the  several  circuits  or  wires  are 
connected  to  one  and  the  same  earth-plate,  it  becomes  a  ques- 
tion of  comparative  resistance  whether  a  current  sent  on  one 
wire  shall  pass  direct  to  the  earth,  or  shall  divide  between 
the  earth  and  the  other  wires.  The  earth-plates  should  in  all 
cases  be  large,  and  be  buried  deep  in  soil  v>et  at  all  seasons. 

It  sometimes  happens  that  an  ''earth  cannot  be  found"  in 
places  where  there  is  but  a  thin  layer  of  soil  covering  rock,  or 
where  the  soil  is  constantly  dry. 

Instead  of  connecting  aJl  the  wires  to  the  same  earth-plate, 
use  separate  plates  buried  fifty  yards  or  more  apart,  so  that  the 
resistance  of  the  soil  between  the  plates  may  be  greater  than 
the  resistance  of  the  portion  intervening  between  the  stratum 
in  wliich  they  are  buried  and  the  better  conducting  soil 
below  it. 

When  this  plan  cannot  be  carried  out,  the  resistance  of  the 
shorter  circuits  may  be  increased  by  resistance  coils,  in  order  to 
lessen  the  tendency  to  leakage  from  the  circuit  of  greater  resist- 
ance to  that  of  lesser  resistance,  through  the  earth-wire. 

To  test  an  earth-plate,  send  a  current  on  one  wire,  and  place 
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a  sensitive  galvanometer  on  the  shortest  of  the  others ;  one 
fixed  on  separate  poles,  if  there  is  more  than  one  line.  If  no 
current  passes  through  the  galvanometer,  the  earth  is  perfect. 

A  water  or  gas-pipe  is  preferable  to  a  plate,  because  of  its 
larger  surface.  Care  must  be  taken  to  connect  the  earth-wire 
to  the  main  street  gas-pipe,  as  the  joints  indoors  are  frequently 
rusty,  or  packed  with  white  lead,  and  leaden  gas-pipes  have 
been  fused  and  the  gas  set  on  fire  by  a  lightning  discharge 
between  them  and  adjacent  conductors;  it  is  therefore  bad 
practice  to  carry  leading-in  wires  within  two  feet  of  a  lead 
gas-pipe.  It  is  best  to  use  both  water  and  gas-pipes,  so  that, 
if  one  be  under  repair,  the  other  shall  complete  the  circuit :  a 
well-soldered  connection  should  always  be  made. 

A  deep,  narrow  trench  filled  with  coke,  in  which  a  copper 
plate,  or  what  is  better^  a  strip  of  lead,  is  buried,  may  some- 
times be  used,  bearing  in  mind  that  the  object  is  to  expose  as 
large  a  surface  as  possible. 

Plates  must  always  be  buried  fiaty  and  not  coiled  into  a 
cylinder  or  spiral,  and  upright  rather  than  horizontal 

On  connecting  up  a  circuit  of  less  than  ten  miles,  it  fre- 
quently happens  that  a  permanent  current  appears  on  the  in- 
strument, arising  from  the  earth-plates  forming  a  battery.  If 
an  iron  gas-pipe  be  used  for  an  earth  at  one  end,  and  a  lead 
water-pipe  or  a  buried  plate  of  copper  at  the  other,  a  current  is 
always  set  up. 

It  is  necessary,  then,  to  be  careful  that  both  earths  are  as 
nearly  as  possible  alike,  and  to  change  one  or  both  till  the 
current  ceases. 


PABT  m. 


MAGNETISM  AND  ELECTRO-MAGNETISM. 
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99.  Pieces  of  iron  or  steel  which  have  long  remained  in  a 
north  and  south  position,  or  have  been  subjected  to  a  certain 
mechanical  and  electrical  processes,  attain  the  power  of  attrac- 
tion and  repulsion,  and  are  called  magnets.  Some  of  the  ores 
of  iron  possess  the  same  property,  and  are  called  naiural  magnets, 
or  loadstones. 

100.  If  a  magnet  be  balanced 
on  a  pivot,  so  as  to  be  free  to 
move  horizontally,  as  in  the 
mariner's  compass,  it  will  place 
itself  in  the  magnetic  meridian; 
that  is,  point  tiorth  and  south. 
The  end  which  points  to  the 
north  is  called  the  nx/rth  pole; 
that  which  points  to  the  south, 
the  sovth  pole.  The  force  which  causes 
it  to  point  north  or  south  is  called  its 
direcUve  force. 

If  a  steel  bar  be  balanced  on  a  hori- 
zontal axis,  so  that  it  may  move  freely 
in  a  vertical  plane,  it  will  remain  at  rest 
in  any  position.  Magnetize  it,  and  the 
north  end  will  appear  to  have  become 
heavier,  or  will  dip,  unless  it  be  placed 
east  and  west,  when  the  magnetic  force 
will  simply  produce  pressure  on  the  pivot;  Fiq  12. 


Fio.  11. 
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for  the  maniieT  in  which  it  is  pivoted  prevents  its  moving 
when  in  this  position. 

The  north  pole  is  generally  marked  either  by  the  letter  K,  or 
by  a  file-cut,  as  in  the  figure,  and  is  sometimes  called  the  marked, 
while  the  other  is  called  the  unmarked  pole  of  the  magnet.  It 
is  also  sometimes  called  the  negative,  the  other  being  called  the 
positive  pole,  and  they  are  designated,  as  in  electricity,  by  the 
signs  —  and  +.  There  is  no  difficulty  in  recollecting  which  is 
which,  because  the  N  or  —  sign  stands  equally  for  negative  or 
north. 

101.  When  two  magnets  are  brought  near  one  another,  the 
similar  poles  will  be  found  to  repel,  the  dissimilar  poles  to  attract 
— that  is,  the  north  pole  of  one  will  repel  the  north  pole  and 
attract  the  south  pole  of  the  other,  and  vice  versd.  But  if  a  piece 
of  iron  or  unmdgnetized  steel-bar  be  used,  either  pole  will  be 
attracted,  and  no  repulsion  whatever  will  occur. 

Bodies  attracted  by  a  magnet,  themselves  attract  the  magnet 
with  equal  force. 


MAGNETIC    INDUCTION. 

102.  Magnetism  acts  by  indttction  at  a  distance  through  all 
substances  not  themselves  capable  of  being  magnetized.  A 
compass  in  a  brass  or  wood  box  is  as  easily  affected  as  if  it 
were  not  so  enclosed;  but  if  shut  in  an  iron  box,  a  magnet 
outside  would  act  on  it  indirectly  only  and  feebly,  through  the 
magnetism  induced  in  the  iron  of  which  the  box  is  composed. 

The  immediate  neighbourhood  of  a  magnet  ia  called  the 
magnetic  field,  and  pieces  of  iron  or  steel,  magnetized  or  unmag- 
netized,  brought  into  this  field,  acquire  magnetic  power  by  induc- 
tion. Hence,  if  a  small  or  weak  magnet  is  used  to  test  the 
polarity  of  a  stronger  one,  it  is  necessary  to  keep  it  at  a  distance; 
for  when  brought  too  near,  the  superior  power  of  the  stronger 
overpowers  the  polarity  of  the  weaker  for  the  time  being,  and 
attracts  either  pole  indifferently.  Hence,  if  it  be  desired  to  find 
whether  a  pole  be  N  or  s,  ascertain  by  which  pole  it  will  be 
repelled. 
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The  attraction  of  two  dissimilar  poles  is  greater  than  the 
repulsion  of  two  similar  ones.  In  attraction,  each  tends  to  de- 
velope  in  the  other  a  magnetism  opposite  to  its  own,  and  similar 
to  that  of  the  other,  and  thus  strengthen  each  other.  In  repul- 
sion the  opposite  jaffect  takes  place. 

The  magnet  acts  upon  iron  by  inducing  an  opposite  polarity 
in  the  part  nearest  to  itself,  and  in  consequence  the  two  dis- 
similar poles  attract  each  other,  so  that  the  iron  will  adhere  to 
the  magnet  when  placed  in  contact  with  it.  The  opposite  ex- 
tremity of  the  piece  of  iron  exhibits  the  same  polarity  as  that  o 
the  magnet  itself,  and  wiU  attract  a  second  piece  of  iron  (Fig.  13). 


Fio.  18. 

K  early  all  traces  of  magnetism  in  the  iron  cease  as  soon  as  it 
is  removed  from  the  influence  or  field  of  the  magnet,  for  iron 
cannot  retain  magnetism,  or  cannot  be  permanently  magnetized, 
when  soft  and  pure.  When  hard  or  impure,  it  retains  a  certain 
amount  of  polarity,  which  is  called  residual  magnetism. 

Steel,  on  the  other  hand,  is  not  attracted  as  forcibly  as  iron ; 
it  acquires  magnetism  with  greater  difficulty,  but  retains  it  more 
or  less  permanently.  The  harder  the  steel,  and  the  longer  the 
bar,  the  more  permanently  will  it  retain  its  magnetism. 

103.  The  inductive  force  of  a  magnet  upon  soft  iron  varies 
inversely  as  the  distance  between  them,  while  the  action  of  one 
magnet  upon  another  varies  as  the  square  of  the  distance,  so 
loDg  as  they  are  so  placed  that  the  two  adjoining  poles  act  upon 
each  other  free  from  the  interference  of  the  remaining  poles. 

104  If  a  magnetic  bar  be  tested,  it  will  be  found  that  its  force 
appears  to  reside  very  near  the  ends  or  poles,  and  that  it  de- 
creases to  nothing  at  the  centre  of  the  length  of  the  bar.  If  a 
magnet  be  broken  into  any  number  of  pieces,  each  piece  will 
become  a  perfect  magnet ;  but  if  the  pieces  are  placed  closely 
together  again,  the  intermediate  poles  wiU  disappear,  and  the 
magnet  will  have  only  two  poles,  as  at  first.  The  magnetism, 
however,  is  reaUy  distributed  throughout  its  mass. 
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105.  A  straight  bar  is  called  a  bar-magnet;  the  small  bar 
magnets  used  iu  telegraph  instruments  and  ships'  compasses  are 
called  needles ;  and  when  a  bar  is  bent,  so  as  to  bring  its  two 
ends  or  poles  near  one  another,  it  is  called  a  horse-shoe  magnet. 

A  compound  magnet  consists  of  two  or  moi^  bar  or  horse-shoe 
magnets  placed  side  by  side,  with  their  similar  poles  in  contact. 
Care  must  be  taken  that  all  the  bars  are  equal  in  power,  or  the 
feebler  will  be  weakened,  or  even  reversed,  by  the  stronger. 

The  advantage  of  forming  a  magnet  of  several  thin  bars  in- 
stead of  a  single  thick  one  is,  that  the  thinner  bars  are  more 
easily  magnetized.  But  if  two  bars  equal  in  power  be  placed 
together,  the  combination  will  not  have  double  the  strength  of 
the  single  bar,  but  only  about  half  as  much  again.  This  is  be- 
cause of  the  reaction  of  the  similar  poles  upon  one  another. 

106.  The  processes  for  magnetizing  steel  bars,  oi  forming 
artificial  magnets,  are  founded  on  the  principle  that  a  north  pole 
induces  a  south  pole,  and  vice  versd. 

A  magnet  can  only  be  charged  to  a  certain  maximum,  called 

the  point  of  saturation ;  and  this  point  is 
generally  ascertained  by  the  weight  which 
the  magnet  is  capable  of  bearing.  The 
small  magnets  employed  in  needle  telegraphs 
should  be  capable  of  bearing  their  own  weight 
together  with  that  of  the  axle. 

To  magnetize  a  small  bar  such  as  the 
needle  of  a  telegraph  instrument,  all  that 
is  necessary  is  to  lay  it  across  the  poles  of 
a  horse-shoe  magnet,  the  end  required  to 
he  the  north  pole  on  the  south  pole  of 
the  horse-shoe,  and  vice  versd  (Fig.  14); 
rubbing  them  together  once  or  twice  in  the  direction  of  the 
needle's  length. 

To  magnetize  a  pair  of  bars  of  several  inches  in  length,  place 
them  flat  on  a  table,  as  in  Fig.  15,  between  two  pieces  of  soft 
iron,  as  armatures.  Place  the  horse-shoe  magnet  s  N  on  one 
end  of  either  of  the  bars,  with  its  north  pole  upon  that  extremity 
of  the  bar  which  is  required  to  become  a  south  pole.  Slide  the 
horse-shoe  along  the  bar,  carrying  it  round  the  whole  system 
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several  times,  stopping  finally  in  the  centre  of  one  of  the  bars, 
as  shown  in  the  figure.  Hepeat  the  process  on  the  other  face 
of  the  bare. 


A  borse-shoe  may  be  magnetized  in  a  similar  manner,  com- 
mencing at  one  end  of  the  poles,  sliding  the  magnet  round  the 
horse-shoe  and  its  armature,  finally 
stopping  at  the  centre  of  the  cnrve 
of  the  horse-shoe  (Fig.  16). 

When  a  bar  is  carelessly  mag- 
netized, it  may  acquire  one  pole 
or  more  in  addition  to  those  at  its 
ends,  and  will  be  found  not  to  act 
as  strongly  as  it  should  do. 

107.  If  the  north  pole  of  a  weak 
magnet  be  applied  to  the  north 
pole  of  a  stronger  magnet,  the 
polarity  of  the  weaker  magnet  will 
firat  be  destroyed  (the  bar  will  be 
defmagnUixed)  and  then  reversed,  the  „     ,. 

north  pole  becoming  a  south  pole. 

The  earth  itself  is  an  enormous  magnet,  and  objects  upon  its 
surface  are  constantly  in  its  ^Id,  and  subject  to  ito  influence ; 
consequently,  if  magnetized  bars  are  laid  aside  without  regard 
to  the  direction  in  which  their  poles  are  placed,  they  become 
demagnetvud  by  its  action. 
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To  prevent  this  loss  of  power,  armatures  or  keepers  of  soft  iron 
are  used,  applied  to  or  placed  across  the  poles.  When  out  of 
use,  bar  magnets  should  be  placed  as  in  Fig.  17,  where  a  a  are 
the  armatures,  and  s  N  N  s  the  magnets.  The  armatures  become 
mc^etized  by  induction,  and  in  their  turn  induce  magnetism 


in  the  bars.     This  mutual  induction  is  more  powerful  than  the 
inductive  influence  of  the  earth. 

When  several  pieces  of  iron  are  hung  from  one  of  the  poles 

of  a  permanent  tna^et,  each  one  developes  magnetism  in  the 

piece  nex^t  to  it,  and  its  own  magnetism  is  increased  thereby. 

Hence  the  lifting  power  of  a  ms^net  may 

be  increased  by  hanging  to  it,  from  time  to 

time,  additional  pieces  of  iron. 

108.  The  armature  of  a  horse-sfaoe  mag- 
net will  support  a  greater  weight  than  would 
be  carried  by  the  two  poles,  because  of  the 
mutual  inductive  reaction  between  a  magnet 
and  its  armature. 

The  armatures  of  horse-shoe  magnets  are 
applied  as   in   Fig.    18.      They   may  with 
advantage  be  weighted,  and  if  the  weight 
is  gradually   increased,   taking  care    never 
Fio.  18.  to   make   it  sufficient   to   tear   the    keeper 

away  (which   would   weaken   the   magnet), 
the  strength  of  the  magnet  will  be  increased  also. 

The    armature    should    always    be   slid   off,   never   forcibly 
detached. 

The  poles  which  attract  each  other  tend  to  preserve   each 
other's  magnetism  ;  those  which  repel  tend  to  destroy  it. 

109.  Needles  free  to  move  horizontally,  as  compass-needles, 
always  take  up  the  position  most  favourable  for  retaining  their 
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power.  This  may  seem  to  contradict  what  has  been  before  said 
(100),  since  the  north  pole  of  the  needle  turns  towards  the  north 
pole  of  the  earth.  But  the  north  pole  of  the  needle  has  really 
an  opposite  magnetism  to  that  of  the  north  pole  of  the  earth, 
and  strictly  should  be  called  the  south  pole,  as  in  French  works. 

110.  Magnets  required  to  be  set  in  motion  by  a  slight  force, 
as  in  telegraphs,  must  necessarily  be  short.  They  therefore  lose 
their  power  readily,  and  are  easily  demagnetized  by  lightning, 
or  even  reversed.  There  is  an  advantage  in  making  the  move- 
able parts  of  soft  iron,  and  pivoting  them  upon  large  permanent 
fixed  magnets,  so  that  they  may  be  magnetized  by  induction 
(102).    Large  magnets  retain  their  power  for  a  long  time. 

Cast  steel  is  best  suited  for  permanent  magnets :  it  may  be 
tempered  by  being  heated  to  a  cherry-red  in  a  tube,  to  prevent 
burning,  and  immersed  in  water. 

111.  The  relative  strength  of  horizontal  needles  may  be  mea- 
sured by  an  observation  of  the  time  occupied  by  them  in  per- 
forming a  fixed  number  of  vibrations.  They  obey  the  laws  of 
the  pendulum,  and  the  forces  acting  on  them  are  inversely  as  the 
squares  of  the  times  of  vibration;  for  the  stronger  their  mag- 
netization, the  greater  will  be  the  effect  of  the  directive  force 
of  the  earth  upon  them,  and  the  faster  will  they  vibrate.  Thus, 
if  the  needle  A  make  twenty  vibrations  in  ten  seconds,  and 
B  the  same  number  in  five  seconds — that  is,  in  half  the  time 
— then,  as  A  :  B  :  :  5*  :  10^  or  as  25  to  100,  B  is  four  times  as 
powerful  a  magnet  as  A. 
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ELECTRO-MAGlfETISM. 

112.  A  wire  through  which  a  current  is  flowing  possesses,  for 
the  time,  properties  similar  in  some  respects  to  those  of  a 
magnet.  It  attracts  iron-filings,  and  attracts  or  repels  other 
wires  through  which  currents  are  flowing,  but  it  has  no  effect 
upon  light  bodies  which  would  not  be  attracted  by  the  magnet. 

113.  Two  parallel  conducting  wires  will  attract  each  other  if 
the  currents  flow  in  the  same  direction  in  both,  and  repel  if 
they  flow  in  opposite  directions  (Fig.  19). 


Fio.  19. 


114.  A  conducting  wire  is  in  like  manner  attracted  and 
repelled  by  a  magnet,  but  in  both  cases  the  force  is  not  simply 
one  of  attraction  or  repulsion,  but  one  which  would  cause  the  ' 
wires,  or  the  wire  and  magnet,  to  revolve  round  each  other, 
when  so  fixed  or  pivoted,  as  to  be  able  to  move  freely  in  all 
directions. 

V         Let  M  be  one,  pole  of  a  magnet,  and  w  a  section 

1 1  w  '  ^^  ®^^®  ^^  ^  conducting  wire ;  if  w  is  fixed  and  M 
free  to  move  in  all  directions,  M  will  revolve  round  w 
Fig.  (20).  But  the  other  pole  of  the  magnet  M  would 
tend  to  revolve  in  the  opposite  direction  round  the 
wire,  so  that  in  order  to  produce  the  revolution  of  a  conducting 
wire  around  a  magnet  or  of  a  magnet,  around  a  conducting  wire. 


M 
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they  must  be  arranged  so  that  the  current  acts  upon  one  pole 
only  of  the  magnet  (Fig.  21). 


Fig.  21. 

115.  If  the  magnet  N  s  be  fixed  on  an  axis,  as  shown  in 
Fig.  22,  the  tendency  of  its  two  poles  to  rotate  in  opposite 
directions  round  the  current  flowing  in  the  wire  will  cause  it  to 


/-^ 


A 


7 


7 


H 


•  ■tm*arvfTjfmv¥imHiiMTirr«riw«riiinrtM4iriiu 


S 


Fig.  22. 

take  up  a  position  at  right  angles  to  the  wire.  For,  as  the  two 
poles  N  s  tend,  when  considered  separately,  to  revolve  round 
the  wire  in  the  direction  shown  by  the  arrpws,  the  end  N  will 
be  urged  towards,  and  s  from  the  reader ;  but  as  the  needle 
is  pivoted  upon  a  vertical  point,  it  is  capable  of  motion  in  the 
horizontal  direction  only. 
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116.  The  following  illustration,  contrived  by  Ampere,  is 
useful  as  an  aid  in  determining  in  what  direction  a  current 
will  move  a  magnet.  . 

Suppose  one's  feet  to  be  connected  to  the  copper,  and  one's 
head  to  the  zinc  pole  of  a  battery,  the  current  would  flow  up- 
wards through  the  body.  If  a  magnetized  needle  suspended 
vertically,  as  in  a  needle  instrument,  be  held  before  the  breast, 
the  north  pole  of  that  needle  would  be  moved  to  the  left  hand, 
towards  a  position  at  right  angles  to  the  body.  If  the  needle 
were  held  at  the  back,  or  if  the  direction  of  the  current  were 
reversed,  the  direction  in  which  the  needle  would  be  moved 
would  also  be  reversed. 

In  these  diagrams  the  body  of  the  person  holding  the  needle 
is  represented  by  the  wire  z  c,  and  the  needle  by  s  N. 


The  wire  in 
front  of  the 
needle. 


The  wire  in  front 
of  the  needle, 
and  the  current 
reversed. 
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The  wire  be- 
hind the  needle. 


The  wire  behind 
the  needle,  and 
the  current  re- 
versed. 
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It  will  be  perceived  that,  -when  the  wire  is  bent  round  the 
needle  thoa  (Fig.  27),  its  two  halves  act  similarly  on  the  needle, 
and  the  effect  is  doubled.     The  current  ascends 
behind  the  needle,  as  in  Fig.  25,  and  descends  {r~\ 

in  front  of  it,  as  in  Fig.  24. 

If  the  wire  be  bent  a  second  time  in  the 
same  direction  round  the  needle,  the  effect  will     v^ 
be  again  doubled ;  and  by  a  still  further  in-        \4 
crease  in  the  number  of  turns  a  corresponding 
increase  in  force  will  be  obtained. 

117.  If  the  wire  is  covered  with  an  insulator, 
as  silk  or  cotton,  so  as  to  compel  the  current 
to  traverse  its  entire  length,  and  Is  formed  into 
a  circular  coil,  or  wound  upon  a  frame,  it  may 
be  so  arranged  as  to  make  several  hundred,  or 
even  thousand,  turns  around  a  magnet  pivoted 

within  it,  and  will  move  even  with  a  very  feeble  current.  This 
arrangement  is  called  a  galvanometer,  or  current  measurer  (120). 
The  angle  or  number  of  degrees  through  which  the  m^net  or 
needle  is  moved  shows  the  guantity  of  electricity  passing  through 
the  coils.  The  direction  in  which  the  needle  is  moved  shows 
the  directum  in  which  the  current  is  flowing. 

118.  A  conducting  wire,  if  straight,  possesses   no   directive 
force,  but  when  bent  to  form  a  loop  or  ring,  so  that  the  parts 


which  cross  one  another  do  not  touch  (Fig.  28),  if  one  pole 
of  a  magnet  be  presented  to  the  centre  of  the  ring,  the  tendency 
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to  rotate  will  cause  the  magnet  to  be  drawn  into  or  expelled 
from- the  ring,  according  to  the  direction  of  the  force  of  rotation. 
It  will  therefore  appear  to  be  attracted  or  repelled  by  the 
magnet.  If  properly  suspended,  the  ring  will  be  found  to  pos- 
sess directive  force  or  polarity,  and  will  place  itself  north  and 
south,  the  edges  of  the  ring  standing  east  and  west.  The  effect 
is  multiplied  if  the  ring  be  formed  of  a  number  of  turns. 

119.  If  the  wire  be  formed  into  a  helic,  or  spiral,  its  polarity 
will  be  more  decided,  and  it  will  behave  precisely  like  a 
magnet. 

If  the  spiral  be  wound  so  that  the  current  flows  from  right 
to  hft  (Fig.  29),  that  end  of  the  wire  which  is  connected  to  the  + 
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or  copper  pole  of  the  battery  will  be  a  north  pole.     If,  on  the 
contrary,  it  be  wound  like  an  ordinary  screw,  so  that  the 


s 


N 
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current  flows  from  left  to  right  (Fig.  30),  the  +  end  of  the  wire 
will  be  a  south  pole. 

The  directive  force  of  a  helix  is 
very  clearly  apparent  in  the  appa- 
ratus shown  in  Fig.  31. 

The  conducting  wire  coiled  as  a 
spiral  is  connected  to  a  voltaic  pair, 
and  arranged  by  means  of  a  cork,  so 
as  to  float  in  a  vessel  of  acidulated 
water. 
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OALVAKOUETEBS. 

120.  There  are  two  classes  of  galvanometers :  one  sometimes 
called  a  "  detector"^  in  which  the  needle  hangs  vertically,  and  is 
kept  in  place  by  the  weight  of  ite  lower  end  (Tig.  32),  and  one 
in  which  the  needle  is  poised  on 
a  point,  like  a  mariner'e  compass 
(Fig.  33),  or  suspended  by  thread. 
The    vertical     galvanometer 
needs  no  adjustment,  the  north 
end  of  the  inner  needle  being 
made  sufficiently  heavy  to  keep 
it    uprights      It's    sensitiveness 
may  he  considerably  increased 
by  lessening  the  weight  of  the 
lower  OT  north  end  of  the  inner 
needle ;    but  in  this  case  the  Fm.  S2. 

instrument  must   be   so  placed 

that  its  dial  faces  the  north  or  south,  or  the  dip  (100)  will  cause 
the  needle  to  hang  on  one  aide.  Whenever  the  needle  of  a 
needle  instrument  (which  is  simply  a  vertical  galvanometer  with 
a  reversing  key),  will  not  bang  vertically,  except  the  case  is  in 
one  particuhur  position,  it  is 
because  of  the  dip.  Needles 
properly  balanced  for  this 
country  will  be  found  wrong 
if  sent  to  Australia,  for  there 
the  south  end  will  dip,  or 
*''°'  ^^-  appear  the  heavier. 

The  horizontal  galvanometer  is  much  more  sensitive  than  the 
vertical,  because  the  friction  of  the  pivot  is  less,  and  because  it 
is  not  necessary  to  weight  the  needle.  However,  as  its  needle  is 
kept  in  position  by  the  directive  action  of  the  earth  only — that 
is,  by  the  tendency  of  a  mt^netizcd  needle  to  stand  north  and 

'  The  det«ctor  may  with  greaUr  propriety  be  called  n  galvanoBcapt,  ae  its  piin- 
cipal  OM  i*.  to  show  the  praena  of  «  cnrrent,  not  to  measure  it. 


58  HANDBOOK  OF  PRACTICAL  TELEQRAPHY. 

south — ^the  case  of  the  horizontal  galvanometer  must  be  turned  so 
as  to  bring  the  coils  into  their  proper  position,  and  the  needle  to 
the  zero  of  the  scale,  and  must  be  levelled  so  that  the  pivots 
may  move  freely.  An  ordinary  detector,  when  laid  on  its  back 
and  levelled,  will  be  much  more  sensitive  than  when  upright. 

The  use  of  a  very  freely-suspended  horizontal  needle  would  be 
extremely  tedious,  were  it  not  easy  to  check  its  swinging  by 
making  and  breaking  battery-contact  in  such  a  manner  that  the 
current  shall  oppose  instead  of  aiding  its  motion.  The  appli- 
cation of  a  feeble  magnet,  such  as  a  penknife,  will  produce  the 
same  result. 

121.  As  the  needle  of  a  vertical  galvanometer  is  kept  in  its 
place  by  the  weight  of  its  lower  end,  which  is  always  the  same, 
and  as  the  force  with  which  a  current  acts  upon  it  depends  on 
the  strength  of  its  magnetism,  which  is  constantly  decreasing, 
its  indications  vary  from  time  to  time.  But  in  a  horizontal 
galvanometer,  as  the  needle  is  kept  in  its  place  solely  by  its 
tendency  to  point  north  and  south,  the  feebler  its  magnetism  the 
less  eflfect  will  the  directive  force  of  the  earth  have  upon  it,  and 
the  less  resistance  will  it  offer  to  being  moved  by  the  current ; 
while,  on  the  other  hand,  the  current  acts  with  diminishing 
force  as  the  magnetism  decreases.  The  two  forces  thus  counteract 
one  another,  and  the  instrument  is  constant. 

122.  In  neither  of  these  instruments  is  the  graduation  into 
degrees,  or  equal  parts,  correct  when  the  deflection  exceeds  20* ; 
for  the  further  the  needle  moves  from  a  position  parallel  to  the 
wires  of  the  coil,  the  more  nearly  does  it  approach  a  right  angle, 
where  the  effect  is  nidi ;  so  that  the  action  of  the  current  upon 
it  becomes  less  and  less  powerful  as  the  deviation  or  deflection 
increases. 

In  a  well-made  vertical  detector,  the  value  of  the  degrees 
marked  on  the  dial  were  found  to  be  nearly  correct  to  SC,  and 


40*  were  equal  to  44  parts  of  electricity. 
50*  „  65 

55-  „  78 

60*  „  93 

65*  „  130 


60-  „  93 
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But  the  value  of  the  ordinary  degrees  would  not  be  alike  for 
any  two  galvanometers ;  each  must  be  calibrated  or  graduated 
by  actual  trial,  or  by  comparison  with  a  standard  instrument. 

The  following  is  one  method  of  caHbraiing  a  galvanometer : — 

(1.)  Find  the  resistance  of  the  galvanometer  and  of  the 
battery  employed,  and,  by  means  of  a  rheostat  or  set  of  resist- 
ance coils  (78),  adjust  the  resistance  of  the  circuit  till  the  needle 
marks  10®  on  the  scale. 

(2.)  Halve  the  total  resistance  of  the  circuit ;  the  force  acting 
on  the  needle  will  now  be  doubled.  Mark  the  deflection,  and 
caU  it  20". 

(3.)  Again  halve  the  resistance ;  the  force  of  the  current  will 
once  more  be  doubled,  and  the  deflection  may  be  marked  as  40" ; 
and  so  on. 

Suppose  the  battery  resistance  be     .    .     .       10  ohms. 

That  of  the  detector 200     „ 

And  the  resistance  added  to  reduce  the  de- 
flection to  10"     790     „ 

The  total  resistance  will  be    .     .    .  1000 


To  double  the  force  acting  on  the  needle,  one-half  1000,  or  500 
ohms,  must  be  removed  from  the  circuit 

When  the  resistance  of  the  detector  and  rheostat  is  very  much 
greater  than  that  of  the  battery  (as,  for  instance,  when  one  large 
cell  is  used),  the  battery  resistance  may  be  disregarded. 

The  method  of  finding  the  resistance  of  the  battery  and 
galvanometer  will  be  described  hereafter. 

123.  In  the  ^irie  galvanometer,  these  errors  of  graduation  are 
avoided.  The  needle  is  pivoted  horizontally,  and  the  coils  are 
made  movable,  so  as  to  follow  the  needle  as  it  is  deflected;  the 
needle  is  by  this  means  constemtly  kept  parallel  to  the  wire;  and 
the  current  always  has  the  same  amount  of  leverage  upon  it. 
The  instrument  is  placed  so  that  the  needle  points  north  and 
south,  and  stands  at  the  zero  of  the  graduation.  The  coils  are 
now  placed  in  circuit,  aind  turned  in  the  direction  in  which  the 
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needle  is  deflected,  so  as  to  follow  its  motion  until  the  directive 
force  of  the  needle  is  exjwjtly  balanced  by  the  force  of  the 
current,  and  the  needle  again  points  to  the  zero  of  the 
graduation.  The  forces  measured  by  this  instrument  are  pro- 
portionate to  the  sine  of  the  angle  through  which  the  coil  has 
been  moved,  not  to  the  angle  itself. 

The  sine  of  any  number  of  degrees  is  that  part  of  the  diameter 
of  a  circle  which  is  included  between  a  line  drawn  from  its 
centre  to  the  zero  point  of  the  graduation  G  o  (Fig.  34),  and 
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Fig.  84. 


another  line  parallel  to  the  first,  cutting  the  circle  at  the  degree 
whose  sine  is  required :  thus  G  A  is  the  sine  of  20°,  and  G  C  is 
the  sine  of  40^  Sines  increase  in  a  different  ratio  to  the  degrees 
they  represent,  the  diagram  shows  that  the  sine  of  the  second  20'' 
is  less  than  the  sine  of  the  first  20'' ;  A  c  is  less  than  G  a. 

In  using  the  sine  galvanometer  it  has  been  usual  to  read  off 
the  angle  through  which  the  coil  is  moved,  in  degrees,  and  to 
find  the  sine  by  a  reference  to  a  table  of  sines.  For  ordinary 
purposes,  it  is  more  convenient  to  graduate  the  instrument  with 
a  scale  of  sines,  which  may  be  constructed  thus  : 

Divide  the  radius  G  F  into  100  equal  parts,  from  which  draw 
lines  at  right  angles,  and  mark  the  points  at  which  they  cut  the 
circle.  The  comparative  strength  of  currents,  when  read  off  a 
scale  so  formed,  will  correspond  with  the  residts  which  would 
^e  obtained  if  the  deflection  of  the  needle  were  read  off  in 
degrees,  and  reference  made  to  the  printed  tables  for  the  corre- 
sponding sines.  A  table  of  sines  is  given  at  the  end  of  the 
volume. 
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It  will  be  evident  that  the  sensitiveness  of  this  galvanometer 
increases  with  the  angle  which  the  coils  make  with  the  magnetic 
meridian,  because  the  directive  force  of  the  needle  is  decreased, 
while  its  magnetism  remains  the  same.  It  follows  from  this  that 
the  length  of  the  divisious  of  the  circle  which  indicate  equal 
forces  increase  as  the  deflection  approaches  a  right  angle. 

The  right-hand  quadrant  of  the  diagram  is  graduated  to  a 
scale  of  sines,  the  left  to  a  scale  of  degrees.  The  sine  of  90°  is 
equal  to  radius,  and  in  a  table  of  sines  it  is  made  equal  to  1,000. 
If,  then,  the  radius  G  F  had  been  divided  into  1,000  equal  parts, 
and  the  corresponding  divisions  set  off  on  the  quadrant,  the 
readings  would  have  corresponded  exactly  with  those  of  the 
table.  But  suflBcient  accuracy  for  our  purpose  is  obtained  by  a 
division  into  100  parts. 

124  A  horizontal  galvanometer  may  be  greatly  increased  in 
sensitiveness  by  making  the  outer  needle,  or  pointer,  a  magnet ; 
placing  its  poles  in  a  contrary  direction  to 
those  of  the  inner  magnet  (Fig.  35).  If  the 
two  are  exactly  equal  in  power,  the  pair  will 
have  no  tendency  to  point  to  the  north,  because 
the  directive  action  of  one  will  be  counteracted 
by  the  equal  and  opposite  action  of  the  other ; 
and  the  pair  will  be  what  is  termed  astatic. 
One  needle,  should,  in  practice,  be  a  little 
stronger  than  the  other,  so  that  the  pair  may 
have  sufficient  tendency  to  point  north  and 
.  south,  to  enable  it  to  regain  its  position  after  ^  ^ 

having  been  deflected.     The  more  nearly  the  Fig.  85. 

two  needles  are  alike  in  power,  which  may  be 
known  by  the  slowness  of  their  vibration  (111),  the  greater  the 
delicacy  of  the  galvanometer. 

To  obtain  the  greatest  sensitiveness,  the  needles  should  be 
exactly  alike,  and  should  be  magnetized  together ;  any  excess  of 
magnetism  may  then  be  removed  from  the  stronger  of  the  pair 
by  the  similar  pole  of  a  needle  of  equal  strength.  The  nearer  to 
the  centre  the  touch  is  made,  the  more  delicate  will  be  the  effect 
produced. 

But  an  astatic  galvanometer  is  not  constant,  for  the  relative 
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force  of  magnetism  in  the  two  needles  varies  considerably  from 
time  to  time. 

125.  By  the  use  of  a  directing  Ttiagnet  to  increase  or  diminish 
the  intensity  of  the  magnetic  field,  the  sensitiveness  of  a  hori- 
zontal galvanometer  may  be  varied  to  a  great  extent,  and 
rendered  more  or  less  astatic.  The  magnet  should  be  of  con- 
siderable power,  and  be  placed  upon  a  vertical  rod  passing 
through  its  centre,  fixed  above  the  coil  immediately  over  the 
axis  of  the  needle,  in  such  a  manner  that  the  magnet  can  be 
turned  horizontally,  or  be  removed  nearer  to  or  further  from 
the  needle  vertically. 

If  it  is  placed  with  its  poles  opposed  to  those  of  the  needle, 
it  will  add  its  directive  force  to  that  of  the  earth,  and,  by 
holding  the  needle  more  powerfully  in  its  position,  will  lessen  its 
sensitiveness.  The  nearer  the  magnet  is  approached  to  the 
needle,  the  greater  will  be  its  power  over  it ;  and  it  can  be 
arranged  so  as  to  hold  the  needle  in  any  desired  position. 

But  if  it  is  placed  in  a  reverse  direction,  so  as  to  repel  the 
needle  instead  of  attracting  it,  it  will  lessen  the  directive  force 
of  the  earth  so  as  to  increa.se  the  sensitiveness  of  the  needle,  and, 
in  a  certain  position,  will  render  the  galvanometer  astatic. 

When  the  magnet  is  too  near  the  needle,  it  repels  it  to  the 
full  extent  of  the  scale ;  if  it  is  raised  upon  the  supporting  rod, 
the  repelling  effect  will  decreasa 

The  greatest  sensibility  is  obtained  at  the  point  at  which  the 
needle  can  be  held  to  zero,  but  where  the  slightest  lowering  of 
the  magnet  upon  the  rod  will  again  repel  the  needle  to  the  full 
extent  of  its  swing. 

126.  The  directing  magnet  may  be  laid  on  the  table  in  a  line 
pointing  north  and  south;  after  the  compensation  has  nearly 
been  efiected  it  may  be  completed  by  a  smaller  magnet. 

The  degree  of  sensitiveness  of  the  galvanometer  may  be  ascer- 
tained by  the  method  described  at  paragraph  111,  for  the  more 
nearly  a  needle,  or  a  pair  of  needles,  is  made  to  approach  the 
astatic  condition,  the  slower  vnll  it  vibrate ;  and  the  more  power- 
fully it  is  directed^  or  held  in  position,  the  quicker  will  it  vibrate, 

127.  The  differential  galvanometer  shows  the  difference  in 
strength  of  two  currents.     It  is  wound  with  two  wires,  aide  by 
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side,  so  arranged  as  to  be  exactly  equal  in  their  effect  on  the 
needle.  The  wires  are  often  formed  into  a  kind  of  ribbon,  by 
plaiting  together  the  silk  with  which  they  are  covered. 

When,  therefore,  two  equal  currents  are  made  to  pass  in 
opposite  directions  through  the  coils,  they  will  exactly  balance 
one  another^  and  the  needle  will  not  move.  If,  however,  one 
current  be  stronger  than  the  other,  the  balance  will  be  destroyed, 
and  the  needle  will  be  moved  by  the  stronger  current,  with  a 
force  equal  to  the  difference  in  the  strength  of  the  two  currents. 
And  when  the  same  current  is  made  to  pass  through  both  coils, 
but  in  opposite  directions,  the  needle  will  not  move,  however 
strong  the  current  may  be. 

In  making  a  differential  galvanometer,  it  frequently  happens 
that  the  two  coils  are  not  exactly  equal  in  effect  on  the  needle ; 
and  it  is  necessary  to  add  a  few  turns  to  the  weaker  coil.  But 
as  the  two  coils  must  not  differ  in  resistance,  an  equal  quantity 
of  wire  must  be  added  to  the  stronger  coil,  wound  on  a  separate 
bobbin,  half  in  one  direction  and  half  in  an  opposite  direction, 
so  that  it  may  have  no  effect  on  the  needle.  Form  the  wire 
into  a  loop,  and  commence  winding  from  the  centre  of  the  loop. 

This  instrument  is  used  to  measure  resistances,  by  comparing 
them  with  the  standard  resistance  coils,  the  principle  being 
this :  If  the  current  from  a  battery  be  split  or  divided  between 
two  similar  wires  of  unequal  lengths,  each  connected  to  one  of 
the  coils,  the  greater  part  will  pass  through  the  shorter  wire, 
overpower  the  effect  of  the  weaker  current  in  the  other  coil,  and 
move  the  needle ;  if  the  shorter  wire  be  now  lengthened  till  it  is 
equal  to  the  longer  one,  the  currents  will  be  equal  in  both  coils 
and  the  needle  will  again  be  immovable. 

In  order  to  be  able  to  balance  widely  differing  resistances,  one 
coil  of  the  galvanometer  is  provided  with  shunts,  which  reduce 
the  effect  of  the  current  upon  it,  so  that  the  100  ohms  of  a  set 
of  resistance-coils  connected  with  the  shunted  coil  may  be 
made  to  balance  1,000  or  even  100,000  ohms'  resistance  con- 
nected with  the  other. 

128.  To  produce  a  very  sensitive  galvanometer,  the  wire  of 
the  coil  must  lie  as  close  to  the  needle  as  possible;  the  silk 
covering  must  be   as  thin  as  is  consistent  with  srfety  from 
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contact,  in  order  that  the  number  of  turns  may  be  as  great  as 
possible  within  a  given  distance,  and  the  needle  must  be  freely 
suspended ;  if  pivoted,  the  pivot  should  work  in  a  jewel,  and 
the  insulation  must  be  perfect. 

Perfect  insulation  is  especially  necessary  in  a  dififerential 
galvanometer,  for  leakage  from  one  of  the  two  parallel  wires  to 
the  other  is  fatal  to  accuracy ;  and  as  they  lie  close  side  by  side 
through  their  entire  length,  the  tendency  to  leakage  is  very 
great. 

The  covered  wire  should  be  well  baked,  to  dry  it,  taking  care 
not  to  overheat  it  so  as  to  injure  the  silk ;  and  when  being 
wound  on  the  coil,  it  may  be  drawn  through  hot  melted  parafi&n.^ 
The  finished  coil  may  be  dipped  into  paraffin.  Shellac  varnish  is 
sometimes  used  instead  of  paraffin,  but  it  is  more  difficult  to 
apply.  After  each  layer  of  the  wire  has  been  varnished,  the  coil 
should  be  baked,  to  drive  off  the  liquid  of  the  varnish,  before 
another  layer  is  put  on.  When  this  is  not  done,  the  whole  coil 
will  be  more  or  less  in  contact,  and  it  will  be  very  difficult  to 
get  rid  of  the  moisture. 

129.  The  effect  of  the  resistance  of  a  circuit  on  the  strength  of 
a  current  must  be  considered.  It  will  be  seen,  by  what  is  shown 
in  paragraphs  90  and  91,  that  a  galvanometer  of  small  resist- 
ance— ^that  is,  of  a  few  turns  of  comparatively  thick  wire — is  the 
most  fit  for  testing  short  lengths  of  wire  or  small  resistances, 
and  that  the  greater  the  resistance  to  be  tested,  or  the  longer 
the  circuit  on  which  the  galvanometer  is  used,  the  finer  must  be 
the  wire,  and  the  greater  the  number  of  turns  (convolutions). 

The  resistance  of  the  galvanometer  forms  part  of  the  resist- 
ance of  the  circuit;  if,  then,  an  instrument  of  high  resistance  is 
placed  in  a  circuit  with  a  thick  wire  and  a  battery  of  large 
cells,  it  will,  because  of  its  resistance,  reduce  the  strength  of  the 
current  to  a  greater  extent  than  the' number  of  turns  of  the  wire 
will  multiply  the  effect  of  the  current  on  the  needle ;  but  if  the 
resistance  to  be  tested  is  very  large — as,  for  instance,  that  of  the 


^  To  prev^ent  mistakes,  it  may  be  as  well  to  say  that  what  is  sometimes  called 
parafRn  wax,  not  paraffin  oiZ,  is  to  be  used.  It  must  be  very  free  from  the  acid 
which  paraflEn  sometimes  contains,  or  it  will  act  on  the  wire  and  become  green. 
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insulation  of  gutta-percha,  several  miUion  ohms — a  galvano- 
meter resistance  of  even  six  or  eight  thousand  ohms  is  almost 
insensible,  while  the  multiplying  power  of  such  a  galvanometer 
is  very  great,  because  of  the  number  of  convolutions. 

Place  a  single  ^cell,  whose  resistance  is  (say)  2  ohms,  in  cir- 
cuit with  a  galvanometer  of  10  turns  of  copper  wire  65  mils 
diameter  (No.  16).  The  resistance  of  this  short  wire  will  be 
almost  nothing,  and  may  be  neglected;  for  a  mile  has  a  resistance 
of  only  12'25  ohms.  The  total  resistance  of  the  circuit  wiU 
therefore  be  2  ohms ;  then  Z  =  0,  r  =  2,  R  (Z  +  ^)  =  2,  and  E  =1 

E      1 
(86),  the  strength  of  the  current  will  be  ^  =  ^r- ,  and  the  mul- 

a     2 

tiplying  eflfect  of  the  galvauometer  being  10,  the  effect  on  the 

needle  will  be  -^  =  5. 

jj 

With  100  similar  cells  the  electromotive  force  is  100  times  as 
great,  but  the  resistance  will  be  increased  in  the  same  propor- 
tion.   Therefore,  as  -— -      =  ^r,  the  strength  of  the  current  is 

plainly  the  same  as  before,  while,  as  the  multiplying  effect  of  the 
coil  is  not  altered,  the  effect  on  the  needle  is  also  the  same. 

Replace  the  short-coil  galvanometer  by  one  of  5,000  ohms' 
resistance,  having  (say)  1,000  turns  of  fine  wire.  With  one  cell, 
I  =  5000,  r  =  2,  R  =  5002,  and  E  =  1.      The  strength  of  the 

current  is  therefore  ^7^7^,  exceedingly  feeble,  so  that,  even  when 

5002 

multiplied  by  the  1,000  turns,  the  effect  on  the  needle  will  only  be 

^222.  or  about  i  th  of  what  it  was  with  the  short  coil.  But 
5002'  " 

with  100  cells  r  =  200, 1  =  5000,  R  (Z  -h  r)  =  5200,  and  E  =  100  : 
we  have  then  -^^  =  ^  as  the  strength  of  the  current ;  and 

oJUU         Oa 

for  the  effect  on  the  galvanometer  —^  =  20,  or  fourfold  what 

it  was  at  first,  although  the  strength  of  the  current  is  twenty- 
six  times  less.^    It  has  been  supposed  here  that  the  effect  of 


1  J^  instead  of  \  of  what  the  strength  would  have  been  were  it  not  for  the 
diminution  caused  by  resistance. 
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all  the  turns  of  the  wire  upon  the  needle  are  precisely  equal ; 
this  is,  of  course,  not  strictly  true,  but  sufficiently  so  for  the 
purposes  of  the  argument. 

For  ordinary  telegraphic  purposes,  the  galvanometer  for  ascer- 
taining the  resistance  and  insulation  of  the  line  and  instruments 
may  be  one  with  a  horizontal  needle  li  in.  to  2  in.  long, 
working  in  two  jewelled  pivots  between  the  halves  of  a  double 
coil,  as  in  a  needle  instrument.  The  coils  may  be  wound  with 
wire,  4  mils  (No.  40),  to  a  resistance  of  750  ohms  each,  or 
1,500  for  the  pair.  They  will  measure  about  2f  in.  X  |  in.  x  44 
high.  Such  an  instrument  will  give  from  a  single  cell  a  deflec- 
tion of  43°,  through  a  resistance  of  100,000  ohms. 

The  detector  for  ascertaining  if  a  current  passes  may  have  a 
vertical  needle  pivoted  between  two  ordinary  needle-instrument 
coils,  the  needle  being  an  inch  long.  Four  turns  of  wire  50  mils 
diameter  (N"o.  18),  wound  outside  the  fine-wire  coil,  will  (when 
used  instead  of  the  fine  coil)  give  about  30**  deflection  with  one 
cell  of  the  ordinary  Daniell  battery  described  in  paragraph  48, 
and  will  be  very  suitable  for  ascertaining  its  working  condition. 
Such  a  coil  will  give  about  the  same  deflection  with  1  cell 
as  with  100.  For  batteries  of  large  plates  a  single  turn  will 
suffice. 

A  fine  wire  galvanometer  may,  however,  be  shunted,  so  as  to 
be  used  for  testing  batteries— nay,  even  a  Thomson's  reflector 
may  be  so  reduced  by  shunting  as  to  be  employed.  Here  the 
resistance  of  the  shunt  will  be  so  small  that  the  current  in  the 
circuit  will  not  be  enfeebled ;  and  though  a  very  small  portion 
passes  through  the  galvanometer,  the  little  which  does  pass  is  so 
multiplied  by  the  great  number  of  convolutions  that  it  produces 
an  effect  on  the  needle. 

When  delicate  galvanometers  are  disturbed  by  moving 
masses  of  iron,  they  may  be  enclosed  in  a  sheet-iron  case 
(102).  It  is  often  found  desirable  in  a  telegraph  office  to  place 
them  on  an  iron  plate,  to  cut  off  the  disturbing  effect  of  the 
instruments. 

129a.  The  tangent  galvanometer  consists  of  a  ring  having  a 
groove  on  its  edge  filled  with  wire  (Fig.  36).  The  needle  is 
hung  or  pivoted  precisely  in  the  centre  of  the  ring,  and  must 
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not  be  longer  than  one-sixth  of  its  diameter — an  inch-needle 
requiring  at  least  a  six-inch  ring.  The  arrangement  is  as  if  a 
short  compass-needle  enclosed  in  its  box  were 
placed  in  the  centre  of  the  ring.  The  current 
is  proportional  to  the  tangent  of  the  angle  of 
deviation  of  the  needle. 

A  iaTigeTit  is  a  line  drawn  at  right  angles  to 
one  of  the  radii  of  a  circle,  and  touching  its 
circumference :  A.  E  and  b  d  are  tangents  to  the 
circle  in  Fig.  37.  b  1  on  a  b  is  the  tangent  of 
the  angle  of  20* ;  B  5  on  b  d,  the  tangent  of  45°. 

When  a  short  needle  n  s,  with  a  pointer  attached  to  it  at 
right  angles,  is  suspended  in  the  centre  of  a  circular  coil  of  wire 


Fio.  87. 

fixed  perpendicularly  to  the  dial  E  B  r,  and  the  apparatus  is  so 
placed  that  the  coil  shall  exactly  face  east  and  west,  if  the 
needle  is  deflected  by  a  given  current  to  20°,  double  the  force 
will  not  deflect  it  a  second  20°,  but  to  double  the  distance  measured 
on  the  tangemt  A  B,  Thus  the  equal  divisions  I,  2,  3,  on  the  line 
A  B,  represent  equal  forces ;  and  if  the  pointer  be  long  enough  to 
reach  A  b,  these  divisions  will  serve  as  a  scale. 

As  it  would  be  inconvenient  to  read  off  from  a  straight  line, 
the  circle  may  be  divided,  sufficient  accuracy  for  most  purposes 
being  obtained  by  drawing  lines  from  the  centre  to  each  division 
on  the  line  of  tangents,  marking  where  they  cut  the  circle,  as  is 
shown  at  B  D  and  B  F. 

In  mathematical  tables  the  tangent  of  45°  is  100,  so  that  if 
the  tangent  of  45°  is  divided  into  100  equal  parts,  and  these  set 
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ofif  on  the  circle,  the  readings  will  correspond  with  those  which 
would  be  obtained  were  the  circle  divided  into  degrees,  and  tlie 
table  referred  to  for  the  corresponding  tangents,  the  place  of 
the  decimal-point  being  duly  considered.  But,  whatever  be  the 
number  of  the  divisions  of  the  line  of  tangents,  the  strength  of 
currents  measured  will  be  proportional  to  the  readings  obtained. 

As  the  divisions  of  the  circle  decrease  in  width  as  the  angle 
of  deflection  increases,  the  greater  the  number  of  equal  parts 
into  which  the  straight  line  is  divided  the  greater  will  be  the 
accuracy  of  the  divisions  of  the  circle.  In  practice  it  is  found 
convenient  to  divide  the  tangent  of  45°  into  50  parts,  and  to 
carry  the  same  graduation  to  the  extremity  of  the  scale,  as  is 
shown  in  the  diagram. 

It  is  very  convenient  to  place  a  piece  of  silvered  glass  at  the 
bottom  of  the  box  which  contains  the  needle,  so  that  in  taking 
an  observation,  the  needle  and  its  reflection  in  the  mirror  are 
made  to  coincide,  the  eye  is  then  immediately  over  the  needle, 
and  the  error  which  frequently  arises  from  a  wrong  position  of  the 
eye  is  prevented.    This  plan  is  a  good  one  for  all  galvanometers. 

Although,  because  of  the  distance  between  the  coil  and  the 
needle,  this  instrument  is  not  so  sensitive  as  other  galvanometers, 
it  is  extremely  useful  for  testing  overground  wires,  because  of  the 
length  of  its  scale  and  its  accuracy.  The  wire  should  be  com- 
paratively thick,  so  that,  with  a  given  resistance,  a  large 
number  of  convolutions  may  be  obtained ;  for  the  coil  is  so  far 
from  the  needle,  that  the  slight  weakening  of  effect  consequent 
on  the  increase  of  distance  caused  by  the  extra  thickness  of 
the  wire,  is  far  more  than  compensated  by  the  increase  of  power 
arising  from  the  additional  number  of  turns  which  may  be 
wound  on  without  sensibly  adding  to  the  resistance. 

A  convenient  form  of  tangent  galvanometer  has  an  inch  needle, 
and  a  6-inch  ring  wound  with  two  equal  coils  each  of  about 
25  ohms*  resistance.  The  wire  may  be  8  (No.  35),  or  14  mils 
(No.  30).  A  third  of  coil  5  mils  (No.  18)  may  be  wound  over 
the  two  others,  and  will  be  useful  for  battery-testing.  One 
cell  should  give  13  divisions  through  the  thick-wire  coil. 

The  two  coils  of  finer  wire  may  be  used  either  singly  or  in 
series,  so  as  to  keep  the  deflection  within  the  limit  of  the  scale. 
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The  needle  is  pivoted  ia  a  circular  box,  like  a  mariuer's  com- 
pass, and  has  a  mirror  below  the  needle  for  accuracy  in  reading 
off.  Such  an  instrument  is  well  suited  for  the  daily  tests  of 
working  circuits.  A  more  accurate  instrument  may  be  made 
with  two  separate  rings,  each  set  at  a  distance  of  one-fourth  its 
diameter  from  the  pivot  of  the  needle,  one  on  each  side  the 
needle,  instead  of  directly  over  it  as  in  the  form  first  described. 


Fif!.  38. 

J29S.  Gaugain's  TangeiU  Afulliplier  is  thus  described  by 
Gavarret: — If  a  magnetized  needle  is  submitted  to  the  action  of 
a  circular  current  placed  in  the  magnetic  meridian,  the  tangents 
of  the  angles  of  the  deviation  of  the  needle  will  be  nearly  pro- 
portional to  the  force  of  the  current,  when  the  centre  of  the  needle 
occupies  the  summit  of  a  cone,  having  for  the  centre  of  its  base 
the  centre  of  the  circular  current,  and  wlien  the  height  of  the 
cone  is  equal  to   one-fourth  of  the  diameter  of  its  base.     This 
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theorem  is  correct  within  r^,  when  the  needle  is  from  117  in. 
to  1*36  in.  in  length,  and  the  coil  (or  circular  current)  not  less 
in  diameter  than  thrice  the  length  of  the  needle. 

The  wire  of  the  coil  may  be  wrapped  upon  the  surface  of  a 
cone,  or  section  of  a  cone  fulfilling  these  conditions,  till  suffi- 
cient breadth  is  obtained  to  give  the  desired  sensitiveness.  The 
accuracy  of  the  instrument  is  not  lessened  by  wrapping  several 
layers  of  wire  one  over  the  other. 


Fio.  39. 

When  the  needle  is  1  in.  long,  the  nearest  wire,  B  c,  of  the 
circular  coil  must  be  placed  |  in.  from  the  centre  of  the  needle 
N  s,  and  its  diameter,  b  c,  must  be  3  in. 

The  angle  of  the  conical  coil-frame  D  b  c  E,  is  found  by 
drawing  straight  lines  from  the  centre  of  the  needle,  through 
the  points  B  and  c.  The  position  of  the  needle-pivot  must  be 
accurately  at  the  summit  of  the  cone.     The  error  arising  from 
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defect  in  this  respect  may  be  compensated  by  placiug  a  second 
coil  similar  to  the  first  on  the  opposite  side  of  the  pivot. 

129c.  Thomson's  Eeflectino  Galvanometer  has  circular 
coils,  in  the  centre  of  which  a  very  light  mirror,  on  the  back  of 
which  are  fixed  four  very  small  magnets,  ^-inch  long,  one  above 
the  other,  is  suspended  by  a  silk  thread.  A  scale  of  equal  parts 
is  placed  two  or  three  feet  from  the  mirror ;  a  narrow  slit  is  cut 
in  the  centre  of  the  scale  to  allow  a  ray  of  light  to  shine  upon 
the  mirror  from  a  lamp  placed  behind  it.  This  ray  is  reflected 
back  upon  the  scale,  and  is  the  index  of  the  galvanometer ;  the 
angle  through  which  the  ray  moves  is  double  that  traversed  by 
the  mirror,  and  it  is  therefore  really  equivalent  to  an  index  four 
or  six  feet  in  length,  vnthotU  weight.  When  the  scale  is  three 
feet  from  the  mirror,  each  degree  of  deflection  moves  the  spot  of 
light  more  than  an  inch.  The  great  length  of  the  index  thus 
renders  the  slightest  movement  of  the  mirror  perceptible ;  and 
as  its  deviation  never  exceeds  10°,  the  divisions  of  the  scale 
accurately  represent  the  force  of  the  current.  It  is  not  only  a 
most  accurate,  but  a  most  convenient  instrument. 

This  instrument  is  generally  made  astatic.  There  are  two 
circular  coils  fixed  one  above  the  other ;  the  two  sets  of  mag- 
nets are  connected  by  a  strip  of  aluminium  or  a  straw.  It  is 
often  wound  with  German-silver  wire,  in  order  that  its  resistance 
may  be  little  affected  by  changes  of  temperature,  the  additional 
resistance  of  German-silver  over  copper  not  being  of  importance, 
inasmuch  as  the  instrument  is  intended  to  measure  very  high 
resistances. 

The  resistance  of  a  Thomson  with  German-silver  coils  is 
sometimes  as  great  as  50,000  ohms,  and  such  an  instrument 
will  five,  with  a  single  ceU  of  Daniell,  a  deflection  of  200  divi- 
sions, through  an  additional  resistance  of  10  megohms  (ten 
million  ohms). 

130.  JEledrchmagnets, — ^It  has  been  shown  (112)  that  a  wire 
spiral  conveying  a  current  has  for  the  time  the  properties  of  a 
magnet.  When  such  a  spiral  is  wound  on  a  bar  of  soft  iron,  the 
iron  becomes  magnetized  for  the  time  by  its  action,  and  its  force 
is  added  to  that  of  the  coiL  Thus,  the  force  of  the  coil  and  iron 
together  is  very  much  greater  than  that  of  the  coil  without  the 
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iron.  This  combination  ia  called  an  electro-magTiet,  and  Ita 
polarity  depends  upon  the  direction  in  which  its  coil  is  wound, 
as  is  shown  in  Figs.  29  and  30. 

The  electro-magnet  has  all  the  properties  of  a  permanent 
magnet  (a  mi^net  made  of  tempered  steel),  so  long  as  the 
current  continues  to  flow :  and  it  can  be  ao  constructed  as  to 
possess  much  greater  power  tlian  it  is  possible  to  give  to  a 
permanent  mE^uet. 

If  the  iron  be  very  soft  and  pure,  it  loses  its  magnetism 
immediately  the  current  ceases  ;  but  if  impure,  or  if  hardened 
by  hammering  or  turning,  it  retains  a  certain  amount  of  resi- 
duai^  magnetism,  especially  when  it  has  been  acted  on  by  a 
powerful  current,  or  if  the  armature  has  been  allowed  to  touch 
the  core.  To  prevent  this,  when  the  iron  core  for  the  electro- 
mt^et  has  been  formed,  it  should  be  made  red-hot,  and  very 
carefully  annealed  by  the  fire  being  allowed  to  die  out.  The 
ends  or  pole-pieces  of  the  core  are  sometimes  bent  or  enlaiged 
beyond  the  diameter  of  the  core  itself:  there  is  an  advantage  in 
forging  them  in  one  straight  piece,  and  tiling  them  into  shape, 
so  that  the  fibre  of  the  iron  may  be  continuous  and  in  the  same 
straight  line. 

131.  Electro-magnets  are  generally  made  in  the  horse-shoe 

form :  that  is,  two  bobbins  are  formed  by  fixing  ivory  or  brass 

ends  upon  cores  of  the  purest  and  softest  iron ;  these  bobbins 

are   filled   with   covered   wire,  and 

fixed  upon  a  connecting  bar  of  iron. 

They  are   fitted  with  armatures  of 

soft   iron   in   the   same  manner   as 

permanent  magnets  (Fig.  40).     In 

winding  and  in  connecting  the-  two 

Fra.  40.  halves  of  the  electro-magnet,  care 

nmat  be  taken  that  the  turns  are  all 

in  the  same  direction.     The  right  direction  can  easily  be  found 

if  the  two  bobbins  be  considered  as  parts  of  a  straight  mt^et 

bent  in  the  middle.    Place  the  two  bottom  ends  together  in 

a  straight  line,  and  wind  continuously  onward. 

If  a  wire  is  wound  upon  a  metallic  bobbin  into  which  the 
cores  are  made  to  slip,  the  bobbin  must  be  slit  from  end  to  end. 
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to  prevent  the  circulation  of  the  current  induced  in  it  by  the 
magnetization  of  the  iron;  for  this  current  would  prevent  its 
gaining  or  losing  its  power  as  quickly  as  it  would  otherwise  do, 
and  thus  interfere  with  the  rapidity  of  its  action.  If  the  coil  is 
covered  with  a  metallic  tube,  as  is  sometimes  the  case,  the  tube 
must  be  slit.  There  is  an  advantage  in  cutting  a  groove  or  slot 
about  ^  inch  deep  and  wide  lengthwise  in  the  iron  core,  for  the 
demagnetization  of  the  core  is  retarded  by  the  circulation  of  a 
current  induced  on  its  surface,  which  the  slot  to  some  extent 
prevents. 

132.  In  electro-magnets  and  galvanometers,  the  effect  of  a 
current  is  multiplied  by  the  number  of  turns  of  wire  in  the 
coil. 

It  is  lessened  by  an  increase  in  the  distance  between  the  wire 
and  the  core,  each  turn  acting  less  powerfully  than  the  one 
beneath  it.  The  wire,  therefore,  if  wound  on  the  core  itself,  will 
act  with  the  greatest  force. 

The  laws  which  affect  the  galvanometer  (129)  apply  equally 
to  the  electro-magnet.  The  current  itself  is  enfeebled  by  each 
addition  to  the  length  of  the  coil,  beicause  of  its  increased  resist- 
ance (78) ;  and  this  will  be  more  felt  when  the  coil  is  placed  on 
a  short  circuit  than  when  the  line-wire  has  itself  considerable 
resistance ;  because,  in  the  first  case,  a  slight  addition  to  the 
resistance  of  the  coil  bears  a  large  proportion  to  the  total  resist- 
ance of  the  circuit;  while  in  the  latter  case  the  proportion 
would  be  but  small. 

When  a  line-wire  is  very  long,  the  current  will  necessarily  be 
feeble,  and  the  coil  should  consist,  of  Jine  wire,  which  occupies 
little  space,  and  allows  very  many  layers  to  be  wound  on 
without  increasing  the  distance  from  the  core  too  much ;  while 
its  resistance  bears  too  small  a  proportion  to  that  of  the  rest  of 
the  circuit  to  reduce  the  strength  of  the  current  materially. 

But  when  the  line  is  short,  each  layer  of  fine  wire  would 
decrease  the  useful  effect  by  adding  to  the  resistance  of  the 
circuit,  more  than  would  be  made  up  by  the  multiplying  effect 
of  the  increased  number  of  turns ;  for  a  few  layers  would  double 
the  resistance  of  the  circuit;  while  a  thicker  wire  would  not 
materially  enfeeble  the  current,  and  though  the  distance  of  each 


74  HANDBOOK  OF  PRACTICAL  TELEGRAPHY. 

layer  from  the  core  rapidly  increases  because  of  the  thickness 
of  the  wire,  yet  a  sufficient  number  of  turns  may  be  employed 
without  exceeding  the  distance  at  which  the  current  acts  with 
advantage. 

132  a.  The  maximum  power  is  obtained  when  the  resistance 
of  the  coil  is  equal  to  that  of  the  line  and  battery.  This  law 
may  be  acted  upon  for  short  lengths  of  line ;  in  long  lengths, 
other  elements  enter  into  the  calculation,  as  wiU  be  explained 
in  the  chapter  on  Insulation.  For  a  local  telegraph  circuit,  a 
short  coH  and  a  few  cells  of  battery  are  all  that  is  necessary ; 
but  there  is  sometimes  an  advantage  in  being  able  to  use  the 
same  description  of  cell  both  for  the  line  and  the  local  circuit : 
to  efiFect  this,  the  electro-magnet  may  be  wound  with  about 
7,000  convolutions  of  14  mils  (No.  30)  wire,  to  a  resistance  of 
about  140  ohms,  the  core  of  each  half  of  the  electro-magnet 
being  2f  inches  long  by  f  diameter.  Where  the  coil  is  acted 
upon  by  the  current  from  the  line  itself,  cores  of  the  same 
dimensions  are  wound  with  about  12,000  turns  of  8  mils 
(No.  35),  to  a  resistance  of  about  500  ohms. 

133.  In  winding  galvanometers  and  electro-magnets,  great 
care  must  be  taken  to  preserve  the  insulation  of  the  several 
turns  of  the  wire,  and  especially  to  prevent  metal  filings  from 
sticking  to  the  covering,  for  they  will  pierce  the  silk  and  connect 
one  turn  with  another,  forming^a  "  short  circuit." 

If  a  disc  is  fixed  in  the  centre  of  the  coil,  and  the  coil  wound 
from  this  disc  as  a  starting-point  in  each  division,  both  ends 
of  the  wire  will  end  outside,  and  remedy  the  inconvenience  so 
often  arising  when  the  inner  end  of  the  wire  breaks. 

134.  In  electro-magnets,  wound  evenly  over  their  entire 
length,  the  magnetism  increases  as  the  square  root  of  the  length ; 
or,  if  alike  in  all  other  respects,  their  power  is  proportional  to 
the  square  root  of  the  diameter  of  the  core. 

In  four  magnets,  wound  proportionally,  2,  4,  8,  and  16  inches 
long,  and  respectively  J,  ^,  1,  and  2  inches  in  diameter,  placed 
at  distances  of  6, 12,  24,  and  48  inches,  the  attractive  force  wiU 
be  the  same.^ 


^  Dub. :  as  quoted  in  Les  Mmvdes, 
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135.  A  hollow  core  is  less  powerful  than  a  solid  one ;  but  if 
its  ends  are  made  solid,  there  is  no  great  difference.  The  poles 
of  an  electro-magnet  should,  therefore,  never  be  smaller  than 
the  core. 

136.  The  attraction  between  the  electro-magnet  and  its  arma- 
ture decreases  as  the  distance  between  them  increases;  or,  in 
other  words,  the  attraction  is  inversely  as  the  distance.  When 
the  armature  is  very  near  the  core,  the  attraction  diminishes  as 
the  simple  distance,  afterwards  as  the  square  of  the  distance. 

The  diminution  of  the  effect  of  the  current  by  increase  of  the 
distance  of  the  wire  is  not  so  great  when  the  diameter  of  the 
coil  is  small  compared  with  its  length ;  so  that  a  long  electro- 
magnet is  comparatively  more  effective  than  a  short  one,  with  a 
given  length  of  wire. 

137.  Iron  will  not  take  its  full  magnetism  instantaneously, 
80  that  when  the  connection  with  the  battery  is  made  and  broken 
rapidly,  the  core  has  not  time  to  be  saturated,  and  its  attractive 
force  will  be  but  feeble.  The  act  of  demagnetization,  or  of 
losing  magnetism,  also  takes  time,  but  is  effected  more  quickly 
than  magnetization.  The  greater  the  tension  of  the  battery,  the 
more  rapid  the  magnetization. 

Thus,  when  very  rapid  action  is  required,  even  on  short 
circuit,  a  considerable  number  of  cells  must  be  employed. 


PART  IV. 

INDUCTION. 
STATIC  INDUCTION. 

138.  In  addition  to  the  power  of  communicating  a  charge  of 
electricity  by  spark  or  contact,  an  electrified  body  exerts  an 
influence  on  all  conducting  bodies  in  its  neighbourhood,  even  if 
it  has  not  been  made  to  touch  them,  causing  them  to  exhibit 
signs  of  electricity,  which  increase  if  they  are  made  to  approach, 
and  diminish  if  they  are  removed  from  the  electrified  body. 

139.  For  instance,  if  an  excited  glass  tube  is  made  to  approach 
the  electroscope,  the  leaves  will  diverge  ;  if  the  tube  is  removed, 
the  divergence  will  decrease ;  and  after  the  tube  has  been  re- 
moved to  a  distance,  dependent  on  the  degree  to  which  it  is 
excited,  the  divergence  will  disappear  altogether. 

140.  This  influence  on  conductors  not  in  contact  is  called 
electrostatic,  or  static  induction.  It  is  an  analogous  action  to 
that  exerted  by  the  magnet  upon  pieces  of  iron  in  its  imme- 
diate neighbourhood,  and  is  most  readily  explained  by  the  so- 
called  double-fluid  theory. 

All  bodies  in  nature  are  supposed  to  contain  equal  and  oppo- 
site quantities  of  +  and  —  electricity  in  a  combined  or  neutral 
state.  "When  an  electrified  body  is  brought  sufficiently  near  an 
insulated  unelectrified  conductor,  the  neutral  condition  of  the 
latter  is  disturbed,  the  two  electricities  are  separated,  the  electri- 
city of  the  same  name  (positive  or  negative)  being  repelled,  and 
that  of  the  opposite  name  being  attracted ;  so  that  one  part  of 
the  conductor  is  occupied  by  positive,  and  the  other  by  negative, 
electricity ;  and,  however  thin  the  body  may  be,  even  if  as  thin 
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ss  a  piece  of  gold  leaf,  its  opposite  sides  may  have  coctrary 
electricities. 

141.  Take  two  insulated  plates  of  metal,  a  and  b  ;  connect 
each  to  a  separate  electroscope  (2) ;  charge  a,  its  electroscope 
will  diverge;  bring  it  near  B,  taking  care  that  spark  be  not 
allowed  to  pass  between  them,  so  as  to  charge  B  in  the  ordinary 
way ;  the  electroscope  connected  with  A  will  remain  divergent, 
because  the  plate  remuns  charged,  and  that  of  b  will  diverge, 
because  of  the  induction  exercised  upon  B  by  A  (Fig.  41). 


Separate  the  plates ;  A  will  remain  divei^gent,  but  B  will  cease 
to  show  signs  of  electricity,  because  the  inductive  influence  of  A 
has  ceased  by  its  removal  (Fig.  42). 


78  HANDBOOK  OF   PRACTICAL  TELEGRAPHY. 

The  cause  is  this.  If  the  plate  A  is  electrified  positively,  and 
made  to  approach  the  insulated  unelectrified  plate  B,  its  positive 
electricity  attracts  the  negative  of  b  to  the  side  facing  A,  and 
repels  the  positive  to  the  other  side  of  the  plate.  When  a  is 
removed,  the  two  separated  electricities  of  b  re-combine,  and  it 
regains  the  neutral  unelectrified  state,  while  a  has  neither  gained 
nor  lost  anything  by  it«  action  on  B. 

Induction  takes  place  only  when  the  two  plates  differ  in 
potential ;  if  they  are  both  electrified  alike,  there  will  be  no 
iDduction  between  them,  however  powerful  their  charge  may  be. 

Faraday  constructed  an  insulated  room,  and  electrified  it 
strongly,  but  it  was  not  possible  to  obtain  the  ordinary  attrac- 
tions and  repulsions  within  it  Nor  would  a  current  flow  from 
one  conductor  to  another,  when  brought  into  contact,  if  both 
were  equally  charged,  however  stroDgly. 

If,  when  the  two  plates  are  near  each  other,  we  touch  A,  we 
shall  discharge  it,  and  all  electrical  signs  will  cease  in  B  also ;  for, 
the  inductive  action  of  A  upon  B  having  ceased,  the  two  separated 
electricities  of  B  re-combine,  and  its  neutral  condition  is  restored. 

If  we  touch  B,  while  under  the  influence  of  A,  we  shall  remove 
from  the  former  so  much  of  the  positive  portion  of  its  natural 
electricity  as  has  been  repelled  and  separated  by  the  inductive 
action  of  A. 

But  B  will  retain  all  its  negative  electricity,  because  it  is 
attracted  by  the  positive  electricity  of  A,  and  the  electrical  state 
of  B  is  for  the  time  held  in  abeyance  by  that  of  A.  The  electro- 
scope of  B  will  cease  to  diverge,  because  the  opposite  electricities 
of  A  and  B  expend  their  forces  in  attracting  one  another,  leaving 
no  force  to  be  exerted  upon  the  electroscope  nor  upon  the 
finger ;  hence  B  cannot  now  be  discharged.  The  electroscope 
of  A  would  for  the  same  reasons  entirely  cease  to  diverge, 
except  that  the  charge  of  this,  the  ivdudng  plate,  is  slightly 
greater  than  that  which  it  has  induced  upon  B,  because  a  portion 
of  it  is  expended  in  inducing  a  charge  upon  surrounding  objects. 
Hence  electroscope  a  remains  slightly  divergent 

Again,  if  we  now  touch  a,  we  shall  not  discharge  it,  because 
of  the  inductive  influence  of  B.  In  fact,  the  reaction  of  the 
opposite    charges    in  the   two    plat-es  prevents    either  being 
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entirely  discharged  by  a  single  touch,  unless  both  are  touched 
at  the  same  moment,  when  the  two  electricities  will  entirely 
neutralize  each  other. 

If  the  plates  are  removed  beyond  the  distance  at  which  they 
can  sensibly  act  upon  each  other,  the  electroscopes  both  of  b 
and  A  will  diverge,  for  the  two  charges  are  now  free  to  act  on 
bodies  within  their  influence,  and  therefore  repel  their  respec- 
tive pith  balls  or  gold  leaves.  Either  plate  can  now  be  readily 
and  perfectly  discharged. 

142.  The  inductive  action  of  our  two  plates  is  not  only  affected 
by  their  distance  one  from  the  other,  but  also  by  the  nature 
of  the  substances  which  may  lie  between  them.  Thus  if,  when 
the  plates  are  very  near  one  another,  a  piece  of  glass  be  placed 
between  them,  the  inductive  effect  will  be  greater  than  when 
air  alone  intervenes.  A  plate  of  shellac  will  further  increase 
it,  and  sulphur  will  have  a  still  greater  effect.  Each  insulating 
substance,  or  dielectric,  as  it  is  called,  has  a  natural  property 
appertaining  to  itaelf  with  respect  to  induction,  which  is  called 
its  ^pecijic  inductive  capacity,  and  is  the  converse  of  its  specific 
inductive  resistarice;  the  former  being  its  power  of  effecting 
induction,  the  latter  its  power  of  resisting  induction. 

The  specific  inductive  capacities  of  the  chief  insulating  sub- 
stances employed  in  telegraphy  are  given  by  Jenkin.^ 

Air  being  taken =100 

Eesin  is  approximately  .     .     .     .  =  177 

Pitch =180 

Bees'-wax =186 

Grass       =190 

Sulphur =193 

Shellac =195 

Paraffin =198 

India  Rubber =280 

Hooper's  Vulcanized  Eubber  .     .  =  310 

Gutta  Percha =420 

Ditto         Willoughby  Smith's  =  359 

Mica =500 

^  Text-books  of  Science.     Electricity  and  Magnetism. 
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143.  The  two  insulated  plates,  a  and  B,  form  a  condenser;  so 
called,  because  by  such  an  arrangement  we  are  enabled  to  con- 
dense, or  accumulate  upon  a  given  surface,  a  greater  quantity 
of  electricity  than  it  would  contain  were  it  not  for  induction. 

When  the  plate  A  is  submitted  to  the  influence  of  the  negative 
charge  of  b,  the  greater  part  of  its  positive  electricity  is  attracted 
to  the  side  nearest  b.  The  tension  of  the  opposite  side  of  A  is 
now,  therefore,  less  than  that  of  the  source  from  which  it  was 
charged ;  sa  that,  if  it  is  placed  in  communication  with  that 
source,  it  is  able  to  receive  a  second  portion  of  electricity.  This 
will  decompose  a  second  portion  of  the  electricity  of  B,  the 
positive  part  of  which  passes  to  the  earth  when  the  plate  is 
touched,  as  in  the  former  case ;  A  can  now  receive  a  third 
portion,  and  so  on,  until  its  tension  becomes  equal  to  that  of 
the  source. 
A  pane  of  glass,  coated  on  both  sides  with  metal  foil  to  within 

an  inch  of  its  edge,  will  represent  the  plates  A 
and  B  separated  by  glass.  This  forms  a  con- 
venient condenser.  A  still  more  convenient 
form  is  the  Leyden  jar  (Fig.  42*),  a  wide- 
mouthed  bottle,  coated  with  foil  inside  and 
out,  three-fourths  of  its  height.  The  foil  on 
the  outside  may  be  considered  as  taking  the 
place  of  B ;  that  on  the  inside,  the  place  of  A. 
Fig.  42*.  They    are    called    the    outside    and    inside 

coaiings. 
Condensers  may  be  made  of  plates  of  metal  foil,  divided  one 
from  the  other  by  any  good  insulator.    The  thinner  the  dividing 
insulator,  the  greater  the  inductive  effect  of  capacity. 

144.  The  capacity  of  a  condenser,  or  its  power  of  storing  up 
electricity,  is  proportional  to  the  extent  of  the  surfaces  exposed 
to  induction,  to  the  distance  between  them,  and  to  the  specific 
inductive  capacity  of  the  insulating  material  used  to  separate 
them.  As  mica  has  a  high  specific  capacity,  and  can  be  split 
very  thin,  it  is  a  fit  substance  for  the  dielectric.  Gutta-percha 
is  unsuitable  except  for  a  temporary  purpose,  because  in  thin 
sheets  it  quickly  becomes  brittle. 

When  a  condenser  whose  plates  are  separated  by  air  only  is 
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chaiged  or  discharged,  it  attains  its  full  charge,  or  loses  it  com- 
pletely in  the  first  instant  But  other  dielectrics  have  the  power 
of  (as  it  were)  absorbing  electricity  quickly  at  first,  more  slowly 
afterwards.  The  absorbed  charge  is  also  given  out  slowly,  so 
that  if  a  Leyden  jar,  or  a  condenser  of  paper,  or  mica,  be  dis- 
charged, and  left  insulated,  several  small  discharges  may  after- 
wards be  obtained  from  it.  This  phenomenon  is  more  fully 
considered  in  treating  of  submarine  cables. 

A  unit  of  capacity  is  as  necessary  as  a  unit  of  resistance. 
The  same  may  be  said  with  reference  to  a  unit  of  electromotive 
force. 

The  unit  of  electromotive  force  is  called  a  Volt,  after  Volta ; 
the  unit  of  capacity,  a  Farad^  after  Faraday — a  microvolt  is  one- 
millionth  of  a  volt,  and  a  megavolt  is  one  million  volts.  The 
megafarad  and  microfarad  have  corresponding  values.  The  volt 
is  as  nearly  as  possible  the  electromotive  force  of  a  DanieU  cell ; 
it  is  exactly  equal  to  0-9268  of  that  force. 

Clerk  Maxwell  defines  a  farad  as  the  quantity  of  electricity 
which  flows  through  one  ohm  resistance  during  one  second  from 
an  electromotive  force  of  one  volt,  and  is  equal  to  the  charge 
produced  in  a  condenser  whose  capacity  is  one  farad. 

The  condensers  used  in  telegraphy  are  made  so  as  to  expose  a 
large  surface  to  inductive  action,  and  are  constructed  of  alternate 
layers  of  tinfoil  and  thin  plates  of  mica,  or  paper  saturated 
with  paraffin  or  ozokerit,^  arranged  like  the  leaves  of  an  inter- 
leaved book — ^the  metal  plates  being  the  printed  leaves,  the 
paraffin  being  the  blank  paper.  Each  alternate  metal  plate  is 
connected  so  as  to  form  two  distinct  series,  insulated  from  each 
other;  one  of  which  may  be  connected  with  the  object  to  be 
tested,  the  other  with  the  earth. 

A  condenser  of  the  capacity  of  one  microfarad  (about  3  knots 
of  the  Atlantic  cable)  may  be  made  of  37  plates  of  stout  tinfoil, 
each  7i  X  6  inches,  separated  by  two  varnished  sheets  of  thin- 
nest bank  post  paper,  hotpressed.  The  two  series  will  consist  of 
18  and  19  sheets  of  foil  respectively,  there  being  one  extra  sheet 


^  Ozokerit  is  a  sabstance  lately  introduced  for  making  candles.    The  material 
used  for  condensers  is  in  the  crude  or  unbleached  state. 
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in  the  series,  which  forms  the  outside  of  the  condenser.  This 
series  is  connected  to  earth,  so  as  to  cut  off  exterior  indnctioii. 

The  paper  must  be  well  dried,  and  may  be  dipped  in  ot 
brushed  over  with  hot  melted  paraffin. 

Procure  a  cast-iron  plate,  somewhat  larger  than  the  sheets  of 
paper,  standing  on  four  feet,  so  as  to  admit  ila  being  heated  by 
a  gas-burner  under  it ;  the  surface  must  be  flat  and  smooth,  and 
should  have  a  channel  round  its  edge  to  collect  any  surplus 
paraffin. 

Cut  the  paper  into  sheets  lai^e  enough  to  leave  about  an 
inch  mai'gin  when  a  metal  plate  is  laid  on  them,  and  cut  away 
each  of  the  two  top  comers,  as  in  the  figure — cut  away  ont  of 
the  two  top   corners   of  each  metal  plate,   as   in   the   figure. 


Smooth  the  plates  carefully,  and  make  them  up  into  two  books 
or  sets,  one  of  18,  the  other  of  19  plates,  by  soldering  t<^tbsr 
the  top  comers  which  have  not  been  cut  off. 

I^ay  a  piece  of  paper  ou  the  hot  plate,  and  varnish  it  over 
with  the  melted  paraffin  with  a  flat  camel's-hair  brush.  Lay 
the  outer  plate  of  the  set  of  19  upon  the  paper,  as  shown  by  the 
figure ;  varnish  it,  and  cover  it  with  two  sheets  of  paper,  varnish- 
ing each  as  it  is  laid  on.  Kext  lay  on  the  outer  plate  of  the  set 
18,  with  the  soldered  comer  at  the  cut  comer  of  the  paper 
opposite  to  the  first  set ;  varnish  and  cover  with  paper  as  before, 
and  again  lay  a  plate  of  the  first  set,  and  so  on.  By  this  method 
the  two  sets  of  metal  plates  will  be  interleaved  one  with  the 
other,  but  will  be  insulated  one  from  the  other  by  the  paper. 
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Each  sheet  must  be  carefully  smoothed  as  it  is  laid,  and  when 
the  set  is  complete  it  should  be  placed  between  two  warm  metal 
platesy  and  pressed  with  about  8  cwt,  the  object  being  to  press 
out  the  surplus  parafi&n  and  consolidate  the  whole  mass,  so  as  to 
prevent  the  condenser  altering  in  capacity  from  after  alteration 
in  the  distance  of  the  plates.  Two  thicknesses  of  paper  are 
used  to  ensure  the  insulation,  which  would  be  destroyed  by  a 
small  hole  or  spot  in  the  sheet.  A  detector  and  10  or  20  cells 
should  be  placed  between  the  two  sets  of  metal  plat^  to  show 
if  the  insulation  remains  good  during  the  process. 

After  the  condenser  has  cooled  thoroughly,  it  may  be  com- 
pared with  the  standard  by  one  of  the  methods  for  the  com- 
parison of  condensers ;  if  its  capacity  is  found  too  low,  it  may 
again  be  pressed ;  and,  if  this  fails,  more  tinfoil  must  be  added  ; 
if  too  great,  some  foil  can  be  removed. 

When  finished,  it  may  be  placed  between  two  pieces  of  wood 
screwed  together  with  wood  screws,  so  as  to  maintain  an  uniform 
pressure,  and  enclosed  in  a  box,  with  terminal  screws. 

When  mica  is  used,  the  process  is  similar ;  but  as  mica  is 
elastic,  the  capacity  varies  with  the  screw-pressure  which  has 
been  applied.  A  mica  condenser  is  much  smaller  in  bulk  than 
one  made  with  paraffin  and  paper,  because  of  the  greater  specific 
inductive  capacity  of  the  insulator. 

The  following  method  of  comparing  condensers  will  be  found 
sufficiently  accurate  for  ordinary  purposes.  The  swing  or  deflec- 
tion of  a  Thomson  galvanometer  through  which  a  given  con- 
denser is  discharged,  will  always  be  the  same  after  charging 
with  the  same  number  of  cells  of  a  constant  battery,  whatever 
the  potential  of  the  battery  may  be,  provided  battery  contact 
has  been  prolonged  sufficiently  to  effect  the  charge,  and  that 
the  discharge  is  taken  immediately.  And  with  equal  poten- 
tials the  swing  varies  almost  exactly  with  the  capacity  of  the 
condenser,  so  that  if  one  produce  a  swing  of  100  divisions  on 
the  scale,  and  another  200  divisions,  the  second  has  double 
the  capacity  of  the  first. 

Provide  a  condenser  of  known  capacity,  adjust  the  potential 
of  a  DanieU  battery  so  that  a  convenient  deflection  (the  larger 
the  better)  is  produced.     Note  this  deflection,  and  adjust  the 
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capacity  of  each  of  the  condensers  to  be  tested  until  the  deflec- 
tion due  to  tlie  required  capacity  is  obtained.  The  battery-con- 
taot  must  be  prolonged — say  80  seconds — and  the  deflection 
must  be  taken  immediately  it  is  broken. 

The  swing  varies  almost  exactly  with  the  potential  of  the 
charging  battery,  but  is,  as  has  already  been  shown,  constant 
with  the  same  potential. 

145,  The  condmeing  electroscope  is  useful  for  detecting  elec- 
tricity of  very  feeble  tension,  such  as  that  of  a  small  battery. 
It  is  an  ordinary  gold-leaf  or  Peltier  electroscope,  with  two 
condensing  plates  attached,  and  may  be  roughly  constructed 
in  the  following  m;uuier  (Fig,  44) : — 


Cut  out  two  discs  of  thick  sheet  zinc;  flatten  them;  flx  one  (b) 
on  ap  insulating  handle ;  attach  the  other  (a)  to  the  wire  of  the 
electroscope.  Drop  three  small  pieces  of  hot  sealing-wax  on  A, 
or  varnish  it.  So  that,  if  B  be  placed  on  it,  the  two  shall  lie 
as  closely  t<^ther  as  possible  without  touching.  Wood  discs, 
coated  with  tinfoil,  will  do. 

Place  B  upon  A;  connect  B  with  the  positive  pole  of  the  battery ; 
it  will  receive  a  very  feeble  positive  charge.     Touch  A  with  the 
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finger;  its  positive  electricity  will  pass  to  the  earth/  and  b  will 
be  enabled  to  take  up  an  additional  quantity  of  electricity  from 
the  battery.  Eemove  the  finger  from  A,  and,  after  having  done 
80,  lift  off  B  by  its  insulating  handle,  the  leaves  will  diveige- 
With  a  carefully-constructed  apparatus  the  phenomenon  of 
repulsion  can  be  exhibited  with  one  or  two  cells  of  a  battery 
(21).  The  plates  should  be  of  brass,  6  inches  or  more  in 
diameter ;  ground  one  upon  another  with  fine  emery,  so  as  to 
be  accurately  flat,  and  touch  in  every  part  (induction  is  greatest 
at  the  smallest  distance) ;  they  are  then  carefully  lacquered  to 
insulate  one  from  the  other.  Care  should  be  taken  to  keep  the 
faces  parallel  while  separating  the  plates. 

146.  The  eleetrophorus,  a  most  convenient  apparatus  for  ob- 
taining electricity  for  experimejits  connected  with  telegraphy, 
owes  its  power  to  induction. 

Procure  a  circular  tin  dish,  similar  to  the  lid  of  a  canister, 
about  9  inches  diameter  and  f  inch  deep ;  fill  it  with  melted 
sulphur ;  scrape  or  grind  the  surface  perfectly  flat,  and  paste  a 
slip  of  tinfoil,  1  inch  wide,  over  the  edge  of  the  tin  and  across 
the  £ELce  of  the  sulphur.  Make  a  wood  disc,  perfectly  flat,  of  7 
inches  diameter ;  cover  one  side  smoothly  with  tinfoil,  and  fix 
upon  the  other  side  an  insulating  handle  of  varnished  glasS; 
or  ebonite,  by  which  the  wood  cover  may  be  placed  upon  the 
sulphur  cake  with  its  tinfoil  side  downward. 

If  the  sulphur  and  the  wood  cover  be  warm,  the  former  well 
rubbed  with  dry  silk,  cloth,  or  flannel,  and  the  cover  placed  upon 
the  sulphur,  when  the  cover  is  raised  it  will  be  found  charged 
positively,  and  will  give  sparks  each  time  it  is  replaced,  touched 
and  raised,  for  a  considerable  time.  By  the  friction^  the  sulphur 
is  excited  negatively,  its  positive  electricity  passing  to  the  earth. 
When  the  cover  is  placed  upon  it,  the  electricity  of  the  cover  is 
decomposed  by  the  inductive  effect  of  the  charged  sulphur ;  the 
—  passing  to  the  earth  by  the  strip  of  foil,  and  the  -I-  remaining 
upon  the  cover,  being  held  fast  by  the  —  of  the  sulphur.  When 
the  cover  is  raised,  its  charge  is  free  to  act  again  on  surrounding 

1  The  sze  of  the  earth  being  infinite,  as  compared  with  that  of  any  electrical 
apparatas,  its  potential  is  nnaffected  by  any  quantity  of  electricity  which  can  be 
taken  from  or  ailded  to  it  by  artificial  means. 
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couductors.  The  same  efiFects  recur  as  often  as  the  cover  is 
removed,  untD  the  excitation  of  the  sulphur  ceases. 

A  disc  of  ebonite  is  much  more  efficient  and  convenient  than 
the  sulphur  cake.  A  brass  pin  is  fixed  through  the  ebonite 
which  conveys  the  negative  electricity  from  the  covering 
movable  plate  to  the  earth,  so  that  it  is  not  necessary  to  touch 
the  plate  with  the  finger.  This  apparatus  produces  positive 
electricity. 

If  we  make  a  machine  which  shall  mechanically  perform  the 
operations  just  described,  we  shall  be  able  to  produce  a  large 
quantity  of  electricity  from  a  very  feeble  original  charge. 

147.  Faraday  assumes  that  all  bodies  are  more  or  less  con- 
ductors, and  that  they  are  composed  of  small  and  distinct  par- 
ticles, which  in  the  unelectrified  state  are  quiescent,  but  in  the 
electrified  state  are  polarized;  that  is  to  say,  arranged  so  that 
their  positive  and  negative  portions  are  turned  towards  each 
other,  and  that  this  state  is  one  of  constraint  from  which  there 
is  a  tendency  to  escape.  If  the  particles  can  maintain  this  state 
for  a  sensible  time,  then  some  degree  of  insulation  ensues  f  but  if 
they  cannot  do  so,  discharge  arises.  This  action  is  not  instan- 
taneous, but  progressive  from  particle  to  particle,  each  transmit- 
ting the  force  to  the  one  next  beyond  it. 

A  current  is  therefore  caused  in  a  wire  by  each  successive 
particle  undergoing  induction,  and  discharging  itself  to  the  next 
beyond  it.  The  particles  of  a  conductor  ofiTer  very  little  obstacle 
to  this  induction  and  discharge,  so  that  the  current  or  transfer 
of  force  is  carried  on  with  extreme  rapidity.  In  an  insulator  the 
progress  is  very  slow,  in  some  cases  almost  imperceptible. 

148.  When  the  wire  is  sufficiently  near  another  conductor  to 
be  able  to  exercise  an  inductive  influence  upon  it,  this  exterior 
induction  must  be  completed  by  each  portion  of  the  wire  before 
the  current  can  pass  on  to  the  next. 

When  the  wire  is  fully  charged,  it  conducts  precisely  as  if 
there  was  no  induction,  so  long  as  the  current  is  steady  and 
regular.  But  if  the  current  vary,  its  inductive  effect  varies 
also  ;  and  this  change  must  be  completed  along  the  whole  wire 
before  the  variation  of  the  current  can  be  transferred  to  the 
distant  end. 


INDUCTION. 


87 


When  the  battery-contact  is  broken,  the  induction  must 
cease  in  each  successive  section  of  the  wire  before  it  is  fully 
discharged. 

As  these  changes  occupy  a  sensible  time,  they  retainl  the 
passage  of  the  current. 

149.  A  wire  supported  on  poles,  when  conveying  a  current, 
influences  by  induction  the  wires  near  it,  and  also  the  surface 
of  the  earth.  But  the  distance  between  them  is  so  great  that 
the  efTect  is  extremely  small 

If  one  pole  of  a  battery  is  connected  to  earth,  and  the  other 
to  a  line- wire  suspended  on  poles,  well  insulated  and  discon^ 
nected  at  the  distant  end,  a  current  will  pass  into  the  wire  till  it 
is  charged ;  that  is,  till  it  has  attained  throughout  its  length  the 
same  potential  as  the  battery. 

If  the  battery-contact  be  now  broken,  and  the  wire  left  dis- 
connected, the  charge  will  speedily  be  dissipated  through  the  air 
and  by  leakage  at  the  supports.  But  if  the  wire  be  put  to  earth 
at  the  sending  end  through  an  electro-magnet  or  galvanometer, 
immediately  battery  contact  is  broken  a  discharge  will  take  place 
through  the  apparatus,  as  when  the  plates  A  and  b  are  made  to 
touch  one  another  (141). 

If  the  wire  is  short,  the  discharge  will  be  completed  before 
the  apparatus  has  had  time  to  move.  The  time  occupied  by  the 
discharge  increases  with  the  length  of  the  wire  (other  things 
being  equal)  until  it  attains  sufficient  duration  to  affect  the 
apparatus.  For  the  whole  length  of  the  wire  must  dischai^ 
itself  at  the  one  end. 

150.  For  instance,  if  the  key  of  a  Morse  instrument,  con- 
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nected  to  a  long,  well-insulated  wire,  be  piesaed  so  as  to  charge 
the  wire,  and  be  then  allowed  to  fall  back  yery  suddenly,  the 
discharge  or  retum-currerU  will  move  the  relay  and  produce  a 
signal  (Fig.  45).  When  the  wire  is  very  long,  it  is  not  necessary 
even  that  it  be  disconnected  at  the  distant  end,  because  its 
resistance  is  equivalent  to  partial  insulation  (12). 

In  England,  the  insulation  is  seldom  perfect  enough,  on 
account  of  the  dampness  of  the  climate,  to  show  marked  results 
from  induction;  but  in  dry  countries — such,  for  iostance,  as 
parts  of  Persia — ^the  induction  of  one  wire  upon  another  is  at 
times  very  marked. 

151.  If  the  line-wire  is  brought  very  near  the  ground,  or  if 
conductors  in  connection  with  earth,  such  as  the  metal  caps  of 
insulators,  or  the  (so-called)  earth-mrea,  are  brought  near  the 
wires,  the  inductive  action  of  the  wire  and  earth  will  be  in- 
creased, and  the  time  of  discharge  increased  also ;  and  if  it  be 
covered  with  an  insulator  and  buried,  so  that  the  wire  is  directly 
opposed  on  all  sides  to  the  earth,  and  the  distance  between 
them  made  exceedingly  small,  induction,  prolongation  of  current^ 
and  retardation  of  signals  will  be  enormously  increased,  and  the 
discharge  or  relum-current  become  very  powerful.  An  immense 
Leyden  jar,  or  condenser,  has,  in  fact,  been  formed,  having  the 
wire  for  its  inner,  and  the  soil  for  its  outer  coating ;  this  coating 
being  in  direct  communication  with  the  earth,  like  the  plate  B 
when  touched  with  the  finger,  will  part  with  the  electricity  set 
free  by  induction,  enabling  the  wire  to  take  up  an  additional 
chaige  from  the  battery.  Each  mile  of  coated  copper  wire  65 
miles  diameter  (No.  16)  has  an  inner  surface  of  about  86  square 
feety  and  an  outer  surface  of  330  square  feet.  A  hundred  miles 
of  such  wire  will  therefore  expose  a  very  large  surface. 

152.  Clark  gives  the  following  illustration  in  the  "  Submarine 
Report,"  p.  316,  showing  the  similarity  between  a  buried  insu- 
lated wire  and  the  Leyden  jar. 

Insulate  a  large  tub  filled  with  water,  and  place  about  half  a 
mile  of  percha-covered  wire  in  it. 

Put  one  pole  of  a  battery  of  250  cells  to  earth,  and  connect  the 
other  pole  through  a  key  and  galvanometer  to  one  end  of  the  wire, 
leaving  the  other  end  disconnected  and  well  out  of  the  water. 


Place  a  copper  plate  ia  the  tub,  connect  it  by  a  wire  to  a 
second  galvanometer,  and  put  the  other  terminal  of  this  galvano- 
meter to  earth.  The  water  of  the  tub  will  thus  be  put  to  earth 
through  the  second  galvanometer  (Fig.  46).  If  a  charge  be  sent 
into  the  half-mile  of  wire  by  moving  the  key,  electricity  of  the 
same  kind  will  leave  the  water  for  the  earth.  Both  the  galvano- 
meters will  move  in  the  same  direction,  precisely  as  if  they  were 
both  in  circuit,  whereas  the  circuit  is  not  completed.  There  will 
be  this  difference:  in  the  case  before  us,  the  needles  will  be 


aflfected  for  an  instant  only,  however  long  we  may  press  the 
key ;  while  if  the  oircnit  were  complete,  they  would  continue 
deflected  until  battery  contact  was  broken. 

The  water,  which  ia  the  outer  coating  of  the  wire,  and  which 
takes  the  place  of  the  plate  b,  is  put  to  earth.  Hence  the  portion 
of  its  electricity  repelled  by  the  charge  given  to  the  vfire  (or 
plate  a)  passes  to  earth,  and  an  additional-  quantity  passes  into 
the  wire  from  the  battery  (141). 

If  the  key  is  immediately  pressed  a  second  time,  the  same 
effect  will  not  be  produced,  because  the  wire  is  fully  charged. 
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If  sufficient  time  is  allowed  to  enable  part  of  the  chaise  to 
escape,  the  galvanometer  will,  upon  pressing  the  key,  be  again 
deflected  by  a  quantity  passing  into  the  wire,  equal  to  that 
which  had  leaked  from  it ;  and  the  deflection  will  be  a  measure 
of  the  amount  of  leakage. 

If  the  battery  is  disconnected  from  earth,  and  the  wires 
marked  earth  in  the  drawing  are  connected  to  that  pole  of  the 
battery  which  previously  was  to  earth,  exactly  the  same  eflcct 
will  be  produced.  A  quantity  of  electricity  will  be  transferred 
from  one  pole  to  the  other.  Two  yards  of  covered  wire,  in  a 
vessel  filled  with  water,  will  show  these  effects  well,  if  a  reflect- 
ing galvanometer  and  500  cells  of  a  Daniell  battery  are  used. 

153.  •  If  100  miles  of  covered  wire  be  placed  in  water,  one  end 
insulated,  the  other  end  connected  through  an  ordinary  needle- 
instrument  to  earth,  and  a  battery  of  40  or  50  cells  joined  to  the 
instrument;  then  if  the  key  be  moved  as  if  to  send  a  signal, 
the  needle  will  be  violently  deflected  for  an  instant  by  the 
current  entering  the  wire  to  charge  it  As  soon  as  the  wire  is 
charged,  the  needle  will  regain  the  perpendicular,  even  if  the 
key  be  still  held  in  a  position  for  sending  a  current. 

If  the  handle  be  placed  upright,  so  as  to  cut  off  the  battery 
and  put  the  wire  to  earth,  the  charge  will  rush  from  the  wire, 
and  the  needle  will  again  be  violently  deflected,  but  in  the 
opposite  direction. 

Now,  if  the  wire  had  been  lying  on  a  dry  floor  instead  of  in 
water,  the  needle  would  scarcely  have  moved,  however  powerful 
the  battery ;  for  though  a  current  would  enter  into  and  charge 
the  wire,  the  effect  would  last  too  short  a  time  to  do  more  than 
barely  move  the  needle. 

Similar  effects  will  arise  if  the  wire  is  connected  to  earth  at 
the  distant  end,  but  they  will  be  less  marked. 

154.  If  two  lengths  of  100  miles,  or  more,  be  placed  on  a  dry 
floor,  and  if  needle-instruments  be  inserted  between  each  length, 
and  at  each  end  so  as  to  form  a  circuit  (Fig.  47),  when  signals 
are  sent  all  the  needles  will  move  sensibly  at  the  same  time, 
sharply  and  distinctly. 

But  if  the  wire  be  put  in  water,  or  buried  in  the  ground, 
and  the  circuit  be  completed  through  the  earth  in  the  usual 
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way,  the  needle  at  the  battery  end  will  move  immediat-ely  the 
handle  of  the  instmment  is  turned ;  the  second  needle  will  not 
move  at  the  same  instant,  but  a  perceptible  time  afterwards ; 
the  third  needle  later  still ;  and  so  on,  showing  that  the  current 
now  travels  more  slowly  than  before. 


I 
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Fig.  47. 

On  a  line  of  1,500  miles  the  distant  galvanometer  was  not 
affected  till  after  two  seconds. 

When  the  handle  is  caused  to  break  battery  contact  and  put 
on  the  earth,  a  discharge  will  take  place,  and  the  needles  will 
fall  back  one  after  the  other,  commencing  with  that  at  the 
battery  end. 

155.  To  use  a  homely  illustration,  it  may  be  said  that  we 
must^Z  (charge)  the  wire  with  electricity  before  a  signal  can  be 
sent,  and  to  reverse  a  signal  we  must  empty  it,  and  refill  it  with 
the  opposite  electricity.  A  suspended  wire  soon  empties  itself, 
a  portion  of  its  chaise  escaping  at  each  support ;  but  a  well- 
insulated  buried  wire  cannot  part  with  its  charge  anywhere  ex- 
cept at  the  two  ends.  Hence,  a  slightly  leaky  buried  wire  can 
be  worked  faster  than  one  which  is  perfect ;  and  a  long  and  very 
perfectly  insulated  suspended  wire  retards  the  extremely  rapid 
signals  of  an  automatic  telegraph. 

156.  Induction  is  thus  the  cause  of  prolongation  of  current 
and  retardation  of  signals  in  cables  and  underground  wires.  On 
a  Morse  printing  circuit,  the  marks  "run  together"  from  the 
spaces  between  them  being  filled  up  by  the  current  passing  out 
from  the  cable  after  the  battery-contact  has  been  broken. 
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On  a  needle  circuit  the  sending  needle  is  jerked  violently  in 
the  opposite  direction  after  each  signal,  and  frequently  becomes 
demagnetized  or  reversed  by  the  discharge  or  return-current. 
The  receiving-needle  moves  sluggishly,  and  the  signals  run 
together,  so  that  a  letter  of  three  movements  appears  like  one 
of  a  single  movement  sent  slowly. 

157.  Beversing  the  current  after  each  signal  facilitates  the 
discharge  at  the  sending  end,  by  neutralizing  the  charge  with 
electricity  of  the  opposite  sign,  so  that  there  is  not  so  much  to 
escape  at  the  receiving  end ;  thus  rendering  the  received  signals 
much  more  distinct. 

158.  In  testing  a  buried  wire,  or  even  a  well-insulated  sus- 
pended wire,  the  distance  of  a  disconnection  may  be  estimated 
by  the  quantity  of  the  return-current ;  for  the  longer  the  wire, 
the  longer  will  be  the  time  occupied  in  the  discharge,  the 
greater  its  quantity,  and  the  larger  the  deflection  of  the  gal- 
vanometer. 

159.  If  two  or  three  successive  currents  be  sent  into  a  long 
buried  wire,  they  will  travel  on  like  waves,  independently  of 
each  other.  It  is  even  possible  to  produce  alternate  waves  of 
positive  and  negative  electricity ;  that  is,  to  charge  the  two 
ends  of  a  wire  oppositely. 

160.  As  a  wire,  even  when  most  free  from  inductive  retarda- 
tion, takes  a  certain  time  to  charge,  the  current  will  not  attain 
its  maximum  strength  till  battery-contact  has  lasted  sufficiently 
long.  The  longer  the  circuit,  the  more  firmly  and  slowly  must 
the  battery-contact-s  be  made. 

The  phenomena  of  retardation  and  prolongation  can  be  pro- 
duced by  combining  condensers  and  resistance-coils,  so  as  to 
produce  an  artificial  line,  equal  in  resistance  and  capacity  to 
the  line  it  is  wished  to  imitate.  The  effect  is  best  when  a  large 
number  of  small  condensers  connected  by  resistance-coils  are 
used,  so  as  to  distribute  the  induction  as  equally  as  possible 
over  the  entire  resistance  in  the  same  way  that  it  is  distributed 
upon  the  actual  line. 
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161.  A  wire  conveying  a  current  has  the  power  of  inducing 
currents  in  neighbouring  conductors. 

If  two  wires  are  placed  near  each  other,  parallel  but  not 
touching  one  another,  one  connected  with  a  battery  by  means 
of  a  key  so  that  battery-contact  may  be  made,  broken,  or  re- 
versed quickly,  the  other  to  a  galvanometer  of  sufficient  sensi- 
bility ;  it  will  be  found  that  whenever  a  current  is  caused  to  pass 
through  the  former,  the  galvanometer  attached  to  the  latter  is 
deflected  by  a  current  flowing  in  the  opposite  direction  to  the 
battery-current.  The  battery-current  is  called  the  inducing  or 
primary  current ;  the  other,  the  induced  or  secondary  current. 

The  iriduced  current  lasts  but  an  instant ;  the  needle  falls  back 
at  once  to  zero,  and  continues  unaffected  so  long  as  the  inducing 
current  continues  to  flow  steadily.  When  battery-contact  is 
broken,  the  needle  is  again  moved ;  but  now  by  an  induced 
current  flowing  in  the  same  direction  as  the  battery-current, 
and,  like  the  former  induced  current,  instantaneous. 

When  the  current  ia  flowing,  should  it  be  iTwrea^ed,  or  should 
the  two  wires  be  brought  nearer  one  another,  the  inductive  effect 
is  similar  to  that  of  maJcing  batteiy-contact :  should  the  current 
be  decreased,  or  the  wires  removed  jfurther  apart,  the  effect  is  like 
that  of  hreakifig  battery-contact.  The  action  is  greatest  when 
the  wires  are  parallel,  and  is  null  when  they  are  placed  at  right 
angle&  It  is  not  confined  to  the  extremities  of  the  wires,  but 
is  equal  throughout  their  entire  length. 

162.  The  effect  in  such  a  length  of  wire  as  can  conveniently 
be  arranged  in  a  straight  line  is  but  feeble,  but  by  coiling  the 
wires  into  a  spiral  their  length  can  be  increased  almost  to  any 
extent,  and  a  very  energetic  action  may  be  obtained.  The  wires 
must,  of  course,  be  covered  with  cotton  or  silk,  to  insulate  the 
several  turns  &om  each  other. 

163.  Construct  two  flat  spirals  of  covered  wire  by  coiling 
them  in  a  similar  manner  to  a  roll  of  tape  (Fig.  48) ;  lay  one  flat 
on  a  table,  and  connect  its  ends  to  a  galvanometer :  call  this  the 
secondary  or  induced  spiral. 
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Connect  the  other  spiral  to  a  battery  through  a  key,  and  call 
it  the  primarif  or  inducing  spiral.  After  battery-contact  has 
been  made,  lay  the  primary  spiral  upon  the  secondary  quickly 
and  smartly;  the  galvanometer  needle  'will  be  deflected  for  an 
instant ;  if  it  be  quickly  removed,  the  needle  will  be  instan- 
taneously moved  in  the  opposite  direction ;  but  in  neither  case 
will  the  deflection  of  the  needle  be  lasting. 


If  battery-contact  be  broken  sharply  whOe  the  apu'als  are 
lying  one  on  the  other,  the  same  effect  will  be  produced  as  if 
they  had  been  separated,  and  the  restoration  of  battery-contact 
will  produce  the  same  effect  as  that  of  placing  one  upon  the 
other. 

If  the  spiralii  are  suspended  face  to  face,  but  not  quite  touch- 
ing, they  will  attract  one  another  so  long  as  a  current  is  flowing 
through  both  in  the  same  direction,  and  will  be  mutually  repelled 
when  the  current  flows  in  opposite  directions.  This  effect  is 
produced  during  the  whole  period  of  the  flow  of  current,  not 
merely  at  making  and  breaking  contact,  and  is  not  a  phenomenon 
of  induction,  but  is  the  same  esse  as  that  of  attraction  of  two 
parallel  straight  wires  (113). 

164  A  still  more  powerful  effect  is  produced  by  winding  the 
wires  upon  bobbins  made  to  fit  one  within  the  other  (Fig,  4!*), 
and  the  effects  of  approach  or  removal,  increase  and  diminution 
of  current  are  the  same  as  with  flat  spirals. 

It  is  evident  that  if  the  wires  are  coiled  side  by  side,  or  one 
over  the  other,  on  the  same  bobbin,  one  will  influence  the  other 
when  the  current  commences,  ceases,  or  varies. 

The  pole  of  a  magnet  produces  the  same  effect  as  the  current 
of  the  inducing  spiral  or  coiL  -  ■ 


Connect  the  hollow  bobbin  of  Fig.  49  to  a  galvanometer,  and 
rapidly  place  the  pole  of  a  magnet  jnst  within  the  hollow :  the 


Fib.  4Sv 


needle  will  more,  and  immediately  fall  back  to  zero.  On  removing 
the  magnet,  a  similar  movement  will  be  produced,  but  in  the 
opposite  direction. 

165.  Place  a  bar  of  soft  iron 
within  the  bobbin,  and  bring  a 
pole  of  a  bar-magnet  near  it 
(Fig.  50) ;  the  iron  will  be  mag- 
netized by  induction,  and  the 
currenta  will  be  much  more 
powerful  than  before ;  because  in 
this  case  the  effect  of  the  in- 
crease and  the  diminution  of 
mi^etism  in  the  iron  will  be 
superadded  to  that  of  the  ap- 
proach and  withdrawal  of  the 
permanent  magnet. 

166.  These  currents  are  but 
momentary ;     they     exist     only 
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during  the  time  the  magnetic  change  is  taking  place ;  and  the 
direction  of  the  current  produced  by  the  cessation  of  magnetism 
when  the  permanent  magnet  is  removed,  will  be  the  reverse  of 
that  set  up  by  its  production  when  the  magnet  is  caused  to 
approach.  The  more  rapidly  the  magnetic  change  is  brought 
about — that  is,  the  more  promptly  the  magnet  is  placed  in  con- 
tact with  or  detached  from  the  soft  iron — ^the  more  powerful  is 
the  induced  current. 

167.  Currents  may  even  be  produced  in  coils  of  wire,  without 
either  the  battery  or  the  magnet,  by  moving  or  rotating  them 
so  as  to  be  influenced  by  the  earth's  magnetism. 

168.  The  greatest  eflfect  is  produced  when  a  bar  electro- 
magnet, wound  with  thick  wire,  is  covered  with  a  considerable 
number  of  layers  of  fine  wire.  The  thick  wire  forms  the  primary 
coil,  the  fine  wire  the  secondary  coil.  The  iron  core  can  be 
more  powerfully  and  quickly  magnetized  by  a  current  than  by  a 
permanent  magnet,  consequently  its  inductive  force  is  greater, 
when  magnetized  in  that  way,  and  that  of  the  thick  wire  through 
which  the  battery  current  passes  is  superadded.  To  produce  the 
greatest  effect,  the  core  must  gain  and  lose  its  magnetism  very 
rapidly;  this  result  is  best  obtained  when  the  circulation  of 
induced  currents  in  the  core  is  prevented  by  composing  it  of  a 
bundle  of  unpolished  wires,  partially  insulated  one  from  another 
by  a  thin  coating  of  oxide. 

The  longer  the  fine  wire,  the  greater  the  electromotive  force 
of  the  coil.  As  much  as  fifty  miles  of  wire  have  been  used  in 
the  secondary  coil. 

Owing  to  the  great  force  of  the  current  developed,  there  is 
great  danger  of  sparks  passing  between  the  several  layers  of 
wire  so  as  to  destroy  the  insulation.  This  is  avoided  by 
dividing  the  coil  by  one  or  more  insulating  partitions,  and  by 
winding  it  in  such  a  way  that  the  outermost  layer  of  one 
portion  is  connected  to  the  outermost  layer  of  the  next ;  the  out- 
side layers  are  by  this  means  kept  at  not  very  widely  differing 
potentials,  and  the  passage  of  sparks  over  the  outside  is 
prevented.  This  apparatus  is  called  the  Suhmkorff  coil,  or 
indiJLcto7*iunt. 

169.  In  all  these  experiments  it  is  necessary  to  make  and 
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break  battery-contact  very  quickly.  This  is  done  by  the  self- 
acting  make-and-break,  otKkeotom,^  In  the  Ruhmkorff  coil  the 
armature  of  the  electro-magnet  is  hung  upon  a  spring  opposite 
one  of  the  ends  of  the  core,  and  when  not  attracted  it  rests  upon 
a  stop,  against  which  it  is  pressed  by  the  spring.  The  circuit  of 
the  battery  and  primary  coil  passes  through  this  stop  and  the 
armature,  thus :  battery  to  stop,  stop  to  armature  and  spring, 
spring  to  coil,  coil  to  battery  again ;  so  that  as  soon  as  the  battery 
is  connected  the  circuit  is  broken  by  the  armature  leaving  the 
stop;  the  attraction  of  the  armature  now  ceases,  and  it  is 
brought  back  to  the  stop  by  the  spring,  when  it  is  again 
attracted.  The  rapidity  of  the  vibrations  of  the  armature  are 
regulated  by  altering  the  tension  of  the  spring  by  an  adjusting 
screw  pressing  against  its  upper  portion. 

170.  The  induction  currents  set  up  in  making  and  in  break- 
ing battery-contact  are  equal  in  quantity,  although  opposite  in 
direction.  This  can  be  shown  by  placing  a  galvanometer  in  the 
secondaiy  circuit;  it  will  be  deflected  in  one  direction  when 
battery-contact  with  the  primary  is  made,  and  to  an  equal 
amount  in  the  contrary  direction  when  it  is  h^oken.  If  the 
make-and-break  follow  one  another  immediately,  the  needle  has 
not  time  to  move  in  the  one  direction  before  it  is  stopped  and 
reversed  by  the  contrary  current.  Hence  it  appears  unaffected 
by  either. 

171.  But  the  current  produced  in  making  contact  has  not 
the  same  electro-motive  force  as  the  current  of  breaking 
contact  The  extra  current  of  making  contact,  described  in 
the  next  paragraph,  retards  the  magnetization  of  the  iron ; 
hence  the  current  induced  in  the  secondary  coil  is  weakened, 
because  the  force  depends  on  the  rapidity  with  which  the 
magnetic  change  is  brought  about. 

It  follows  from  this,  that  if  the  galvanometer  employed  for 
the  experiment  have  considerable  resistance,  the  latter  current 
alone  will  have  powder  to  pass,  and  if  contact  be  made  and 
broken  rapidly,  as  by  the  self-acting  make-and-break,  the 
needle  will  be  deflected  steadily. 


^  A  word  formed  from  tlie  Greek.     It  may  be  tnnelatad  twrr«nt-wtter. 
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172.  If  an  electro-magnet  is  wound  double,  like  a  differential 
galvanometer,  and  the  ends  of  the  second  wire  connected  so 
as  to  form  a  closed  circuit,  the  current  induced  in  this  wire 
re-induces  one  in  the  first  wire,  and  delays  the  demagnetiza- 
tion of  the  core;  it  acts  as  if  it  were  a  metal  tube  (131).  We 
can  now  understand  why  it  is  necessary  to  cut  a  groove  in  a 
core  and  to  slit  the  meted  of  a  bobbin.  The  induced  current  is 
free  to  circulate  over  the  surface  of  both  core  and  bobbin,  inas- 
much as  they  are  complete  or  closed  circuits,  the  groove  and  slit 
break  these  circuits,  and  destroy  the  path  in  which  they  are 
able  to  circulate.  The  retardation  of  demagnetization  is  caused 
principally  by  the  formation  of  extra  currents,  and  therefore, 
when  rapid  action  is  needed,  it  is  most  important  to  prevent 
them. 

173.  In  addition  to  setting  currents  in  motion  in  neighbour- 
ing wires,  the  current  in  the  primary  wire  acts  as  if  it  possessed 
inertia,  inasmuch  as  the  current  is  prolonged  after  battery- 
contact  has  been  broken.  In 'other  words,  a  current  exerts  an 
inductive  action  upon  the  wire  through  which  it  flows,  called 
the  induction  of  a  cud'CtU  vpon  itself.  Connect  one  of  the  poles 
of  a  battery,  not  sufficiently  powerful  to  give  any  spark  by  itself, 
to  a  mercury-cup,  and  close  the  circuit  by  dipping  a  wire 
connected  to  the  other  pole  into  the  cup.  If  this  wire  is  shortj 
a  feeble  spark  will  be  produced,  but  if  it  be  lengthened  the 
force  of  the  spark  will  be  increased,  even  though  the  extra  re- 
sistance introduced  by  the  lengthening  of  the  wire  will  have 
enfeebled  the  current.  If  the  wire  is  coiled  on  a  bobbin,  or  in  a 
spiral,  the  spark  will  be  brighter  still,  even  if  its  length  be  hot 
increased,  because  each  turn  acts  inductively  upon  those  ad- 
joining it.  When  a  soft  iron  core  is  introduced  the  effect  is 
again  increased,  because  the  iron  which  has  been  magnetized 
by  the  current  will,  in  losing  its  magnetism,  tend  also  itself  to 
produce  a  current  in  the  wire,  and  in  the  same  direction. 

Closing  the  battery  circuit  also  induces  a  current  in  the  con- 
ducting wire,  but  in  a  contrary  direction  to  the  battery  current, 
so  that  the  spark  on  making  contact  is  the  difference^  while  the 
spark  of  breaking  is  the  sum  of  the-tw^-eurrents: - 

It  is  not  possible  to  produce  a  shodk  by  the  direct  action  of 
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a  single  celL  Yet  if  the  current  from  one  cell  be  made  to  pass 
through  the  coils  of  an  electro-magnet,  and  the  two  ends  of  the 
coil  are  held  in  the  hand,  a  shock  is  felt  in  breaking,  but  none 
in  making  battery-contact,  an  additional  proof  that  the  former 
current  has  the  higher  potential. 

17-i.  To  recapitulate : — At  the  moment  that  a  current  com- 
mences to  flow  through  the  coils,  it  induces  in  the  wire  a  current, 
lasting  but  an  instant,  flowing  in  an  inverse  direction  to  that  of 
the  battery,  and  opposing  it  so  as  to  delay  the  magnetization  of 
the  coi^e.  Again,  when  contact  is  broken,  the  cessation  of  the 
battery  current  induces  a  second  current,  in  this  case  flowing 
direct,  or  in  the  same  direction  as  the  battery  current,  and 
therefore  prolonging  its  effect  so  as  to  delay  the  demagnetiza- 
tion of  the  core ;  by  adding  its  force  to  that  of  the  battery,  it 
causes  the  spark  which  appears  at  the  moment  contact  is  broken 
to  be  much  more  powerful  than  that  which  is  due  to  the  battery 
alone.  They  are  called  eaira  currents ;  the  direct  is  the  more 
powerful,  because  its  force  is  added  to,  while  that  of  the  inverse 
is  subtracted  from,  the  force  of  the  battery  current.  The  inverse 
current  exists  during  the  time  the  magnetism  of  the  iron  is 
increasing,  the  direct  current  while  it  is  decreasing. 

In  an  electro-magnet  wound  double,  the  battery  current  in 
one  wire  induces  a  current  in  the  other,  which  is  itself  aifected 
by  the  extra  currents  of  the  first  wire. 

175.  The  extra  current  direct  can  be  well  seen  in  the  coils  of 
gutta-percha-covered  wire  in  a  cable  factory.  They  are  generally 
a  mile  in  length,  and  are  coiled  upon  iron  reels,  so  as  really  to 
form  electro-magnets.  If  the  reel  is  put  into  water,  one  end  of 
the"  wire  insulated,  and  the  other  first  connected  to  a  battery  so 
as  to  charge  it,  and  then  quickly  put  to  earth  through  a  reflect- 
ing galvanometer,  the  needle  is  deflected  by  the  usual  static 
discharge  (151). 

But  if  the  distant  end  of  the  wire  is  put  to  earth,  and  the 
coil  then  charged  and  quickly  discharged  as  before  through  the 
galvanometer,  the  needle  is  deflected  in  the  opposite  direction, 
and  to  a  far  greater  extent.  The  earth  in  this  case  connects  the 
distant  end  of  the  coil  with  the  galvanometer,  foi-ming  a  circuit 
for  the  extra  current.     The  same  occurs  in  an  iron- sheathed 
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cable  coiled  in  a  tank.  A  similar  effect  is  observed  if  the  wire 
is  not  wound  on  an  iron  reel,  but  here  the  extra  current  is 
very  feeble. 

176.  When  the  two  extremities  of  an  electro-magnet  coil  are 
connected  by  a  wire,  so  as  to  afford  a  circuit  for  the  extra 
current ;  the  demagnetization  of  the  core  is  so  much  impeded,  - 
that  when  battery-contact  is  made  and  broken  rapidly  the 
armature  remains  attracted.  This  principle  has  been  employed 
in  the  construction  of  translators. 

177.  By  connecting  the  ends  of  the  coil  to  a  condenser  (143), 
the  iron  is  demagnetized  more  rapidly,  the  spark  is  also  con- 
siderably lessened 

The  extra  current  of  breaking  contact  enters  the  condenser 
instead  of  darting  across  from  one  extremity  of  the  coil  to  the 
other,  charging  one  plate  +  the  other  — ,  according  to  the  direction 
of  the  cun'ent.  For  as  the  cun'ent  sets  from  one  extremity  of 
the  coil  to  the  other,  one  end  will  abstract  -!-  electricity  from,  the 
other  pour  it  into,  the  condenser  plates.  On  again  making  con- 
tact these  charges  aid  the  battery  current,  because  the  direction 
of  the  condenser's  discharge  coincides  with  that  of  the  battery 
current. 

178.  It  has  been  shown  that  electricity  and  magnetism 
mutually  reproduce  one  another.  Not  only  can  iron  be  mag- 
netized by  a  current,  but  a  current  may  be  obtained  by  the 
action  of  a  magnet  upon  a  coil. 

If,  then,  a  pair  of  bobbins  of  insulated  wire  containing  soft 
iron  cores,  connected  as  in  an  electro-magnet,  is  fixed  upon 
a  lever  in  such  a  manner  that  it  can  be  forcibly  detached  from, 
or  quickly  placed  upon,  the  poles  of  a  permanent  magnet,  it  may 
be  employed  in  place  of  a  battery  for  the  production  of  transient 
currents  in  opposite  directions. 

Two  or  more  such  electro-magnetic  armatures  fixed  on  ah 
axis  so  as  to  revolve  in  front  of  a  series  of  permanent  magnets, 
form  a  more  powerful  arrangement,  and  by  a  proper  arrangement  of 
switches  or  commutators,  the  two  sets  of  currents  may  be  made 
to  flow  in  the  same  direction  through  a  wire  connected  to  the 
apparatus. 

179.  The   fnagneto-eUcbric   machine,  as  this   arrangement   is 
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called,  may  therefore  be  employed  in  place  of  the  battery  for 
telegraphic  purposes. 

The  lever  arrangement  is  used  for  ringing  bells,  and  was  at 
one  time  employed  for  working  a  needle  telegraph.  The 
strength  of  the  current  will  depend  on  the  promptness  with 
which  the  armature  of  soft  iron  wound  with  wire  is  detached 
from  or  placed  upon  the  magnet,  and  therefore  the  current 
on  removing  the  armature  is  the  stronger,  because  it  is  gene- 
rally removed  with  a  jerk  on  account  of  the  attraction  of  the 
magnet. 

The  revolving  armatures  with  their  coils  are  used  for  driving 
apparatus  requiring  a  rapid  succession  of  alternating  (reversed) 
currents,  or  for  supplying  a  constant  stream  of  electricity  in  one 
direction  by  means  of  a  commutator. 

180.  As  the  currents  are  produced  only  during  the  increase 
or  decrease  of  the  magnetism  of  the  core,  and  as  this  effect  is 
null  when  the  core  is  at  its  greatest  distance  from  the  permanent 
magnet,  the  currents  exist  only  during  a  small  portion  of  the 
time  occupied  by  the  revolution  of  a  single  pair  of  coils.  To 
approach  a  steady  current  such  a  machine  must  be  driven  with 
very  great  speed. 

But  by  increasing  the  number  of  armatures  and  permanent 
magnets,  arranging  the  commutator,  and  connecting  the  coils 
in  a  proper  manner,  the  number  of  currents  during  a  revolution 
may  be  considerably  increased.  A  machine  has  been  made  with 
88  coils  and  66  magnets,  to  be  driven  at  110  revolutions  a 
uiinute.  There  is  a  limit  to  the  speed  of  revolution,  because 
time  must  be  allowed  for  the  magnetization  and  demagnetization 
of  the  iron. 

The  action  of  such  machines  is  this : — As  each  coil  recedes 
from  either  pole  of  the  magnet,  the  current  in  it  is  reversed ; 
but  the  eBect  of  receding  from  a  N  pole  is  the  same  as  that  of 
approaching  a  s  pole,  so  that  no  further  reversal  will  occur  till 
the  coil  leaves  the  opposite  pole.  The  current  will  cease  as  the 
coil  reaches  a  position  equidistant  between  the  two  poles. 

181.  M.  Gramme  has  succeeded  in  producing  currents  sensibly 
constant.  An  iron  ring,  covered  by  wire,  wound  throughout  in 
the  same  direction,  is  pivoted  so  as  to  revolve  between  the  poles 
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of  an  U  shaped  horse-shoe  magnet.  The  wire  is  brought  out  in 
loops  at  frequent  and  regular  intervals,  and  the  loops  are  con- 
nected to  a  series  of  insulated  studs  placed  in  a  circle,  two 
collecting  springs  being  fixed  to  the  frame  at  opposite  ends  of  the 
diameter  of  the  circle  furthest  from  the  poles  of  the  magnet,  where 
the  inductive  effect  is  null.  These  collectors  are  suflBciently  wide 
to  touch  two  studs  at  once,  so  that  when  the  ring  revolves  contact 
is  never  broken.  If  the  magnet  be  supposed  to  be  laid  flat  on 
the  table,  and  the  ring  placed  flat  also  between  its  poles,  the 
two  poles  and  the  two  collectors  will  then  each  be  at  the  ex- 
tremities of  diameters  of  the  ring  at  right  angles  one  with  the 
other. 

As  the  ring  revolves,  currents  will  be  induced  in  each  portion 
of  the  wire  in  succession,  always  flowing  in  the  same  direction, 
and  will  be  collected  by  the  springs. 

182.  As  magneto-electric  currents  are  produced  by  the  varicu- 
Hon  in  strength  of  the  magnetism  of  the  cores  of  the  bobbins,  the 
cores  and  coils  may  be  attached  to  the  poles  of  the  permanent 
magnet  so  as  to  be  magnetized  by  induction,  and  in  this  case  a 
light  soft  iron  armature  revolving  in  front  of  them  will,  as  it 
were,  **  short-circuit "  their  magnetism  while  passing  each ;  so  as 
to  produce  a  sufficient  change  to  cause  a  current,  with  a  com- 
paratively slight  mechanical  force. 
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PART  V. 

ATMOSPHERIC  ELECTRICITY  AND  EARTH  CURRENTS, 

ATMOSPHERIC   ELECTRICITr. 

183.  There  is  always  free  electricity  in  the  air  and  in  the 
clouds,  acting  by  induction  upon  the  earth  and  the  wires.  If 
the  electrical  condition  of  the  atmosphere  were  constant,  that  of 
the  wires  would  remain  constant  also,  as  far  as  regards  their 
mutual  influence.    But  it  is  not  so. 

When  an  electrified  cloud  approaches  the  wires,  it  charges 
them  by  induction ;  setting  up  a  current  which  is  generally  in 
this  country  too  feeble  to  affect  the  telegraph.  In  the  Shetland 
Islands,  however,  during  a  snowstorm,  the  instruments  have 
indicated  the  passage  of  electricity  from  the  air  to  the  earth, 
and  in  tropical  countries  a  current  sometimes  flows  through 
the  wires  for  a  considerable  time. 

But  when  thunder-clouds  pass  over  them,  the  wires  are 
affected  strongly  by  induction,  and  are  occasionally  struck  by 
lightning.  The  inductive  charge  is  often  so  powerful  that  it 
escapes  in  sparks  at  the  apparatus,  demagnetizing  or  reversing 
the  magnets,  or  fusing  the  coils,  even  although  there  may  have 
been  no  actual  lightning. 

A  very  vivid  flash  of  lightning  occasionally  fuses  the  line- 
wire,  splits  or  grooves  the  poles,  or  destroys  the  coils  of  the 
instruments.  No  case  has,  however,  occurred  in  which  the 
person  in  charge  of  the  apparatus  has  been  injured ;  for  the 
instruments  afford  the  current  a  much  more  ready  path  than 
that  given  by  the  human  body.    - 
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During  a  storm,  the  instruments  should  be  placed  on  short 
circuit  by  connecting  their  line  terminals  across  ;  and  if  the 
lightning  be  very  vivid,  it  may  be  best  to  disconuect  them, 
putting  the  line  direct  to  earth. 

184.  Wires  buried  in  the  ground  and  entirely  disconnected 
from  suspended  wires  are  also  affected  by  the  inductive  action 
of  passing  clouds,  and  vivid  sparks  have  been  observed  passing 
between  them  and  the  earth. 

Yet  buried  wires  connected  to  open  lines  are  very  seldom 
damaged  by  lightning,  occasionally,  however,  their  coating  has 
been  found  pierced  with  small  holes.  Insulated  wires  fitting 
tightly  into  lead  pipes  have  frequently  been  injured,  and  cables 
lying  in  the  sea  are  very  liable  to  damage.  In  these  cases  the 
inner  and  outer  coatings  of  the  condenser  are  very  near  one 
another,  much  nearer  than  where  percha  wires  are  placed  in 
the  large  pipes  used  for  buried  wires. 

185.  Cables  must  invariably  be  protected  by  a  lightning 
arrester  or  paratonnerre ;  important  buried  lines  should  also  be 
protected  when  the  apparatus  can  be  placed  within  doors,  for 
otherwise  it  will  be  very  difficult  to  keep  the  apparatus  dry,  and 
t])e  trouble  from  loss  of  insulation  is  greater  than  the  risk  of 
damage  from  lightning  as  regards  buried  wires ;  but  the  danger 
is  so  great  and  so  well  understood  with  respect  of  cables,  that  it 
is  always  possible  to  secure  careful  attention  to  the  apparatus 
needed  for  their  protection  ;  so  that  when  no  suitable  building 
is  at  hand,  a  vacuum  tube  protector,  enclosed  in  a  watertight 
box,  may  be  used. 

186.  While  telegraph  circuits  were  comparatively  long,  as  was 
the  case  here  till  recently,  so  little  damage  occurred  from  light- 
ning that  it  was  not  thought  necessary  to  use  protectors,  and, 
moreover,  unless  they  are  carefully  made,  there  is  danger  of  the 
communication  being  interrupted  by  their  getting  out  of  order 
accidentally.  But  since  circuits  but  a  few  miles  long,  with  fre- 
quent stations,  have  been  erected,  the  percentage  of  accidents 
from  lightning  has  increased. 

The  action  on  the  suspended  line-wii'e  occurs  within  a  limited 
space,  and  the  charge  escapes  to  the  earth,  expends  itself  upon 
tlie  wire,  or  perhaps  is  limited  by  the  resistance  of  the  wire» 
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doing  no  harm  if  there  be  no  station  within  several  miles.  Thus 
a  long  circuit  of  few  instruments,-  and  those  distant  from  each 
other,  is  not  greatly  affected.  But  if  the  circuit  be  short,  and  a 
station  near  the  place  of  the  storm,  as  .it  must  be  if  a  storm 
occur  on  the  line  of  such  a  circuit,  the  coils  are  damaged  because 
they  are  in  the  path  of  the  discharge.  Apparatus  on  a  short 
line  is  more  frequently  destroyed  than  on  a  longer  line. 

187.  Tying  a  knot  in  the  fine  wire  of  a  coil  will  often  cause 
the  spark  to  jump  to  the  metal  frame,  and  thus  preserve  the 
coil  from  destruction. 

A  very  simple  and  efficient  protector  for  moderate  discharges 
may  be  made  by  twisting  together  two  pieces  of  wire  well 
covered  with  silk,  enclosing  the  twisted  portion  in  a  little  tube 
for  protection.  The  two  wires  should  differ  in  colour  to  show 
which  is  which.  It  should  be  placed  between  the  line  and  earth, 
or  if  there  is  no  earth-wire,  and  it  is  not  thought  desirable  (for 
other  distinct  reasons)  to  fix  one,  it  may  be  placed  between  the 
two  coil-wires,  although  in  this  position  it  \vill  not  be  so 
efficient. 

A  more  efficient  protector  is  made  by  winding  the  two  wires 
side  by  side,  on  a  brass  tube  six  inches  long,  the  tube  being 
connected  to  earth.  But  one  of  the  best  protectors  consists  of 
two  flat  brass  plates,  each  having  a  surface  of  about  ten  square 
inches,  placed  one  upon  the  other,  separated  only  by  a  piece  of 
paper  soaked  in  paraffin,  or  by  a  thin  strip  of  ebonite  placed  at 
each  side,  leaving  an  air  space  between  the  plates.  Guillemin 
proposes  mica,  which,  he  says,  is  better  than  paper,  because  it  is 
not  carbonized  by  the  spark,  so  as  to  make  earth,  as  paper  will 
sometimes  do.  The  plates  must  be  very  well  made,  and  free 
from  roughness,  or  points  that  would  pierce  the  paper. 

The  vacuum  protector,  consisting  of  platinum  wires  connected 
one  to  each  of  the  line-wires  and  one  to  the  earth,  sealed  in  an 
exhausted  gljiss  bulb,  answers  perfectly.  The  lightning  generally 
destroys  the  bulb,  but  does  not  reach  the  cable. 

188.  Tlie  wires  leading  into  a  station  from  the  line  must  not  be 
allowed  to  pass  too  near  lead  gas-pipes,  lest  a  spark  should  dart 
from  one  to  the  other,  fuse  the  pipes,  and  set  fire  to  the  gas,  as 
has  occuired  in  one  or  two  instflnces.     For  a  similar  reason 
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aa  earth  slioald  never  be  obtained  from  a  lead  gas-pipe.  (See 
page  44) 

189.  As  long  magnets  retain  their  power  much  better  than 
short  ones,  it  is  desirable  not  to  use  very  short  needles  in  signal 
instruments,  where  reversal  might  be  dangerous. 

It  is  better  still  to  use  soft  iron  needles,  induced  by  a  large 
magnet.  These  are  very  trustworthy,  but  the  large  magnets 
aixi  sometimes  weakened  by  the  discharge. 


EARTH  CUfiEENTS. 

190.  Occasionally  strong  currents,  sometimes  steady,  at  other 
times  changing  from  positive  to  negative  very  rapidly,  appear  in 
the  wires.  These  currents  are  sometimes  as  powerful  as  that 
from  eighty  cells  of  a  Daniell  battery  on  short  circuit,  and  will 
give  sparks.  The  longer  the  line  the  stronger  the  currents, 
other  things  being  equal.  They  have  a  direct  effect  upon  the 
magnet  without  the  aid  of  a  conducting  wire,  so  that  the  deli- 
cately suspended  magnets  of  a  magnetic  observatory,  and  even 
the  magnet  of  a  Thomson  galvanometer,  are  moved  by  them ; 
and  when  the  movements  of  the  suspended  horizontal  magnet 
have  been  compared  with  those  of  a  galvanometer,  connected  to 
a  telegraph  wire,  the  two  have  sensibly  coincided,  showing  that 
both  are  due  to  the  same  cause.  They  are  not  caused  by  atmo- 
spheric electricity,  for  they  cease  if  a  wire  be  disconnected  at 
one  of  its  ends,  and  they  appear  equally  in  buried  and  in  sus- 
pended wires.  They  seem  rather  to  be  caused  by  currents 
flowing  from  one  part  of  the  earth  to  another,  which  enter  the 
wires  by  one  of  their  earth  connections  and  leave  them  by 
the  other. 

191.  Lines  running  N.E.  and  S.W,  are  most  frequently  affected ; 
lines  lying  N. W.  and  S.E.  are  not  often  disturbed,  and  if  affected, 
the  currents  are  weak.  It  seems,  also,  that  the  direction  in 
which  the  current  flows  changes  with  the  hour  of  the  day,  so 
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that  one  line  may  be  more  strongly  affected  in  the  morning, 
another  in  the  afternoon.  The  current  has  frequently  been  seen 
to  leave  one  circuit  and  to  appear  upon  another  prfeviously  free. 

Their  direction  and  strength  are  not  determined  by  the 
actual  course  of  the  wires,  but  by  that  of  a  straight  line  drawn 
from  one  extremity,  or  earth-plate,  to  the  other,  modified  by 
leakage  to  earth  from  bad  insulation  or  faults,  and  sometimes 
also  by  the  character  of  the  soil,  as  affecting  its  conducting 
power. 

.  192.  Currents  are  always  passing ;  but  it  is  only  occasionally, 
during  what  are  called  magnetic  storvis  or  auroras,  they  are  suffi- 
ciently powerful  to  affect  the  ordinary  forms  of  telegraph.  They, 
however,  frequently  interfere  with  the  more  sensitive  instru- 
ments, and  with  tests  for  the  resistance  of  the  wires.  They 
are  always  present  during  an  aurora,  and  have  been  observed  to 
be  steady  when  the  sky  presents  a  steady  glow,  but  to  vary 
rapidly  in  direction  when  streamers  appear. 

In  the  United  States,  where  the  "  closed  circuit "  principle  is 
extensively  used,  it  has  sometimes  been  found  possible  to  detach 
the  batteries,  and  to  work  with  the  earth  currents  so  long  aa 
their  force  remains  uniform. 

There  have  been  occasions  on  which  all  the  telegraphs  in 
America,  Europe,  and  Asia,  have  been  affected,  or  at  least  all 
those  lines  lying  in  or  near  the  dirr^ction  N.E.  and  S.W. 

193.  Cun*entfi  are  then  constantly  passing  from  one  part  of  the 
earth  to  another,  these  may  be  called  the  diurnal  or  daily  cur- 
rents, and  afl'ect  only  the  very  sensitive  telegraphs.  It  is 
thought  by  some  that  these  cun'ents  produce  the  diurnal  varia- 
tion of  the  compass-needle,  for  the  direction  of  the  compass  is 
known  to  change,  very  slightly,  throughout  the  day.  The  most 
careful  observations,  liowever,  which  have  yet  been  made,  fail  to 
confirm  this  view. 

194.  But  in  magnetic  storms,  when  the  earth  currents  are 
powerful  enough  to  affect  the  ordinary  telegraphs,  the  compass- 
needle,  if  sufficiently  sensitive,  is  aiffected  as  if  a  straight  wire 
conveying  similar  currents  were  placed  near  it. 

These  storm  currents  are  irregular,  their  immediate  cause  is 
not  known,  but  is  supposed  to  be  the  same  as  that  which  pro^ 
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duces  an  aurora.    The  telegraph  always  foretells  an  aurora,  but 
it  is  often  affected  when  no  aurora  is  visible. 

195.  The  diurnal  currents,  on  the  other  hand,  are  regular,  but 
their  direction  and  time  of  greatest  and  least  strength,  differ 
according  to  locality. 

In  Dublin,  the  direction  is  easterly,  from  9  p.il  to  9  A.M., 
south  about  noon,  and  westerly  during  the  remainder  of  the 
twenty-four  hours. 

At  Toronto,  the  current  is  wholly  easterly ;  and  easterly  also 
at  Munich,  St.  Helena,  and  the  Cape.  The  easterly  maximum 
in  Great  Britain  occurs  between  2  and  4  A.M.,  the  westerly 
maximum  between  3  and  5  p.^l^ 

At*Arc6num,  near  Madras,  the  easterly  maximum  occurs  at 
5  P.M.     The  westerly  at  9  a.m., — Madras  time.^ 

At  Valentia,  Ireland,  the  currents  from  the  Atlantic  cables 
are  westerly  between  6.30  and  9.30  a.m.,  and  between  2.30  and 
10.30  P.M.;  easterly  during  the  remainder  of  the  twenty-four 
hours,  reaching  a  —  or  westerly  maximum  at  430  P.M.,  and 
a  +  or  easterly  maximum  at  noon.' 

196.  When  communication  is  stopped,  it  is  possible,  when  the 
currents  do  not  vary  mpidly  in  sign,  to  restore  it  by  the  use  of 
a  magnet,  so  placed  as  to  counteract  their  effect  on  the  needle  or 
armature:  but  this  method  is  seldom  satisfactory.  The  only 
efficient  method  is  to  abandon  the  use  of  the  earth-plates  at 
terminal  stations,  and  to  form  metallic  circuits.  This  can  always 
be  done  when  there  are  two  wires  which  can  be  connected  in 
loop.  It  is  not  absolutely  necessary  to  loop  the  wires  at  more 
than  one  of  the  two  terminal  stations. 

Where  there  are  not  two  wires,  the  circuit  may  be  extended 
by  connecting  another  to  it,  which  is  so  situated  that  a  line 
connecting  the  termini  of  the  connected  lines  lies  out  of  the 
direction  of  the  current  at  the  time.  If  there  are  two  circuits 
on  which  the  earth  currents  are  genemlly  opposite  in  direction, 
but  equal  in  force,  these,  when  connected  so  as  to  form  one,  will 
be  fie<?  from  disturbance. 


>  Transactions  of  Royal  Irish  Academy,  April  28,  1852. 
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These  methods  succeed  best  when  the  wires  arc  well  insulated, 
because  any  cause  which  brings  them  into  connection  with  the 
earth  permits  the  earth  current  to  flow  through  them. 

Where  the  apparatus  admits  of  it,  condensers  may  be  placed 
in  the  line -wire,  between  the  line  and  apparatus,  so  that  the 
wire  is  completely  insulated;  this  method  is  adopted  in  the 
Atlantic  cables,  which  from  their  direction  are  peculiarly  affected 
by  the  currents.  This  is  the  most  effective  method  which  can 
be  adopted. 

197.  These  tarih  currents,  or  as  they  are  sometimes  called, 
deflections,  must  not  be  confounded  with  the  earth  lattery  current 
set  up  between  two  dissimilar  earth-plates  (p.  45),  or  with  the 
current  which  sometimes  is  set  tip  when  the  conductor  of  a  cable 
or  buried  wire  is  in  contact  with  earth  at  a  fault. 
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INSULATION. 


198.  When  a  wire  is  suspended  on  poles  it  is  fixed  to  instil 
IcUars,  to  pi*event  the  escape  of  the  current  at  the  points  of 
support.  When  it  is  carried  through  wet  tunnels,  underground, 
or  through  water,  the  insulation  must  be  conHnuous,  and  the 
wire  is  covered  with  gutta-percha  or  india-rubber. 

199.  The  insulation  of  an  overground  line  is  never  perfect^ 
even  in  dry  weather.  There  is  a  loss  at  every  point  of  support 
even  when  the  insulators  are  clean,  and  this  is  considerably 
increased  when  their  surfaces  are  damp,  more  especially  so 
when  dusty,  dirty  with  smoke,  or  covered  with  salt  from  being 
near  the  sea.  When  the  wires  are  not  galvanized,  a  slight 
coating  of  rust  is  formed  upon  the  insulators  by  the  rain 
dropping  from  the  wires,  which  is  injurious.  The  wires  are 
often  hung  with  spiders'  webs,  which,  when  covered  with  dirt 
and  moisture,  conduct;  and  on  a  long  line  the  leakage  from 
wire  to  wire,  from  this  cause  alone,  cannot  be  altogether  without 
etTect.  A  veiy  rough  test  will  show  how  much  insulation  is 
affected  by  dirt  or  smoke,  and  too  much  care  cannot  be  taken  to 
keep  the  insulators  clean. 

200.  As  damp  affects  insulation  so  seriously,  great  care  was 
taken  in  the  earlier  telegraphs  to  protect  insulators  from  the 
rain  by  wooden  roofs ;  but  it  has  been  found  that  such  coverings 
are  not  only  useless,  but  injurious.  They  do  not  themselves 
insulate,  they  afford  no  protection  in  fogs  or  continued  rain, 
for  then  every  part  becomes  equally  damp.      They  harbour 
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spiders,  which  spin  their  webs  over  and  among  the  wires.  They 
hinder  the  drying  of  the  supports,  and  prevent  the  rain  washing 
off  the  dust  which  covers  the  insulators.  The  inside  of  a 
hollow  insulator,  or  that  part  which  is  protected  by  a  wooden 
arm,  is  always  diitier  than  those  parts  which  are  fully  exposed, 
and  damp  dii-t  conducts  far  better  than  a  film  of  dew  or  clean 
rain-water.  Insulation  is  frequently  improved  by  a  heavy 
summer  shower.  There  is  therefore  a  great  disadvantage  in 
placing  insulators  under  bridges,  where  they  are  quickly  covered 
with  smoke,  and  are  hidden  from  the  cleansing  effect  of  rain. 
The  umbrella-shaped  insulator  secures  all  the  advantages  of  the 
roof  in  keeping  an  insulating  surface  dry  in  moderately  wet 
weatiier,  while  it  adds  to  its  insulating  power  by  increasing  its 
length. 

201,  Complete  exposure  is  most  of  all  desirable  on  the  sea- 
coast.  It  is  true  that  a  cover  may  protect  an  insulator  from  the 
effects  of  spray,  but  during  storms  the  air  is  impregnated  with 
water  holding  salt  in  solution,  and  this,  when  evaporated,  lines 
the  insulator  inside  and  out  with  a  thin  layer  of  salt.  If  all  the 
surfjEice  of  the  insulator  were  exposed,  the  next  shower  of  rain 
would  wash  away  this  coating ;  but  if  covered  the  salt  would  be 
left,  and  the  insulator  would  gain  considerable  conducting  power 
with  the  slightest  damp.  Iron  hoods  are,  therefore,  undesirable, 
and  should  never  be  used  except  where  they  are  absolutely 
necessary.  They  may  be  made  with  slits,  so  as  to  admit  the 
rain,  and  wind,  and  prevent  the  accumulation  of  dust.  It  is, 
however,  so  difficult  to  secure  the  insulation  of  a  coast  line,  that 
the  sea  should  be  avoided  as  much  as  possible. 

202.  In  order  to  form  a  correct  conception  of  the  relative 
merits  of  various  kinds  of  insulators,  it  is  best  to  consider  them 
not  as  i)uttUators,  but  as  conductors,  whose  value  depends  on 
their  resistance  to  conduction. 

The  conduction  of  currents  through  wires  and  metals  occur 
through  the  mass  ox  thickness  of  the  materials,  and  is  therefore 
a  question  of  bulk  or  weight ;  but  the  resistance  of  insulators  is 
almost  purely  a  question  of  surface,  and  in  insulators  similar  in 
other  respects,  the  largest  in  diameter  and  shortest  in  length 
will  tonduct  best,  following  the  ordinary  laws  of  resistance. 
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The  best  insulator  is  that  which  has  the  smallest  possible 
diameter  consonant  with  strength,  with  the  greatest  distance 
between  the  wire  and  the  bolt  or  support ;  and  which  can  be 
maintained  in  the  driest  condition  in  wet  weather,  while  ex- 
posed freely,  as  regards  its  outer  surface,  to  the  cleansing  action 
of  rain. 

Length  is  most  easily  given  by  a  form  like  that  of  two  cup- 
shaped  insulators,  placed  one  inside  the  other.  A  tube  or 
double  cone  surrounding  the  wire  and  supported  at  its  centre, 
and  a  shackle,  must  be  double  the  length  of  an  insulator  fixed  at 
its  ends  (such  as  an  invert)  to  be  equally  effective ;  because  the 
current  escapes  from  the  wire  at  each  end  of  the  insulator  in 
the  former,  and  at  one  end  only  in  the  latter  case. 

203.  The  aflSnity  of  a  material  for  moisture,  or  its  power  to 
attract  damp,  is  an  important  point.  Glass,  though  a  better 
insulator  than  porcelain,  becomes  damp  much  sooner.  If  a 
glass  tumbler  and  a  tea-cup,  each  filled  with  cold  water,  be 
brought  into  a  damp  warm  room,  the  glass  will  be  covered  with 
dew  long  before  the  porcelain  shows  any  signs  of  moisture. 
The  glass  supports  of  apparatus  used  for  experiments  on  fric- 
tional  electricity  must  be  varnished  with  shellac,  to  lessen  this 
affinity  for  moisture. 

Cast  glass  has  been  very  extensively  used ;  but  out  of  the 
hundreds  of  thousands  of  insulators  put  up  fifteen  years  since, 
very  few  remain.  It  is  probable  that  want  of  care  in  annealing 
may  have  been  a  principal  cause  of  this  failure ;  but  even  if  due 
attention  in  this  respect  would  render  it  more  to  be  depended 
on,  it  is  next  to  impossible  practically  to  find  out  if  the  anneal- 
ing be  perfect  or  not,  and  glass  at  its  best  is  but  fragile  and 
treacherous.  It  is,  however,  largely  used  in  Switzerland.  Glass 
insulators  break  very  rapidly  in  those  deep  railway  cuttings 
into  which  the  sun  does  not  shine  till  late  in  the  morning,  so 
that,  instead  of  being  warmed  gradually,  they  are  heated  sud- 
denly at  a  time  when  the  sun  has  attained  great  power. 

It  has  often  been  observed  of  electrical  machines,  that  a 
cylinder  has  more  power,  and  works  better  in  a  room,  than  a 
plate.  Snow  Harris  considered  that  this  arose  from  the  nature 
of  the  surface  of  the  glass,  and  found  that  a  plate  machine 
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constructed  of  several  layers  or  thicknesses  of  window-glass 
cemented  together  was  as  efficient  as  a  cylinder,  because  window- 
glass,  like  the  cylinder,  is  blown,  while  plate-glass  is  cast. 
Reasoning  from  this,  Mr.  Brooks,  an  American,  lately  intro- 
duced a  blown-glass  insulator  in  the  form  of  a  narrow-necked 
bottle.  It  certainly  gives  very  good  results  as  regards  insula- 
tion— indeed,  as  far  as  trial- tests  go  it  is  superior  to  all 
materials,  except  newly  polished  ebonite.  He  considers  it  owes 
its  effect  to  what  he  calls  an  **  air  surface  ;  "  that  is,  to  a  surface 
which  has  not  come  into  contact  with  anything  but  air,  while 
hot.     This  insulator  has,  however,  many  disadvantages. 

204.  Ebonite  insulates  much  better  than  glass,  and  is  far 
less  apt  to  become  damp  than  even  porcelain.  It  is  the  best 
material  yet  known  for  the  insulation  of  electrical  apparatus. 
Compared  with  porcelain  or  earthenware,  it  less  easily  bsconies 
wet  in  mist,  but  more  easily  in  rain.  Rain  forms  debuchod 
drops  upon  a  surface  of  earthenware,  but  covers  el)onite  with  a 
continuous  film.  Thus  the  latter  acts  with  most  advantage 
when  it  forms  the  inner  cup  of  a  compound  insulator,  and  is 
protected  by  earthenware  from  the  direct  action  of  rain. 

The  surface  of  ebonite  becomes  rough  and  spongy,  so  as  to 
retain  dirt,  and  it  matters  not  how  perfect  the  siibfitance  of  the 
insulator  may  be  if  its  suy^face  is  defective. 

The  change  extends  only  to  a  very  thin  film,  so  that  when 
repolished,  it  behaves  as  well  as  at  first.  This  shows  conclu- 
sively the  effect  of  surface. 

For  many  purposes  it  is  most  excellent.  An  insulator 
may  be  made  small  and  light,  and  will  yet  be  sufficiently  strong 
not  to  be  broken  accidentally  or  by  the  strain  of  the  wire.  For 
this  reason  it  will  afford  a  uniform,  although  perhaps  not  a 
very  high  insulation.  This  is  an  advantage  which  cannot  be 
overlooked. 

Moreover,  its  very  colour,  and  the  unpri-tending  appearance 
of  a  small  insulator,  protects  it  tzT^-atly  from  wilful  damage,  and 
would  be  an  advantage  in  wild  countries.  It  is  found  tliat 
where  the  telegraph  is  exposed  to  mischief,  a  large  white  porce- 
lain insulator  is  quickly  broken ;  earthenware  is  less  attacked, 
and  a  small  ebonite  insulator  not  at  all.      Mischievous   b(»ys 
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cannot  hit  the  small  mark  with  stones,  nor  does  it  tempt  them 
by  its  inviting  appearance.  Many  who  would  not  take  the 
trouble  to  break  an  unpretending  black  cup,  cannot  resist  the 
temptation  of  throwing  at  a  large  white  one. 

205.  The  best  material  for  an  insulator  is  a  really  good 
porcelain,  thoroughly  vitrified,  so  as  to  insulate  perfectly  even 
when  unglazed.  Its  value  arises  principally  from  its  polished 
smooth  surface,  which  resists  the  formation  of  a  continuous  film 
of  moisture,  does  not  retain  dust,  and  is  washed  clean  by  rain. 

The  objection  to  porcelain  is,  that  considerable  skill  is  re- 
quired to  select  it,  and  to  distinguish  between  a  good  and  an 
inferior  sample.  As  it  is  a  compound  of  several  substances,  it 
is  difficult  to  secure  uniformity  of  composition,  and  much  is  left 
to  the  care  and  honour  of  the  manufacturer. 

Though  a  good  glaze  does  not  deteriorate  by  age  or  exposure 
to  the  weather,  it  is  difficult  to  distinguish  between  a  good  and 
a  bad  glaze  by  inspection  or  electrical  test,  and  it  is  quite 
possible  that  a  glaze  which  appears  good  and  insulates  well 
may  crack  by  age. 

206.  Brown  stoneware  is  both  excellent  in  quality,  cheap,  and 
durable.  Its  surface  is  not  equal  to  that  of  porcelain,  so  that  it 
never  insulates  so  well  as  the  best  specimens  of  the  latter,  but 
the  glaze  never  cracks.  Again,  it  is  not  a  compound ;  so  that 
when  a  manufacturer  possesses  a  suitable  clay,  and  takes  care 
in  its  pi'eparation,  the  uniformity  of  his  ware  may  be  depended 
on.  It  is  also  comparatively  easy  to  distinguish  its  quality,  and 
to  detect  fiiults  in  its  manufacture. 

207.  Small  pieces  of  ware  are  more  easily  burned,  and  there- 
fore more  likely  to  be  perfect,  than  large  ones.  There  ia  there- 
fore a  great  advantage  in  forming  an  insulator  of  separate  hollow 
pieces  or  cups,  placed  one  inside  the  other,  and  fastened  with 
cement :  if  one  is  defective,  there  is  a  probability  the  others  will 
be  sound  ;  and  if  the  pin  or  bolt  be  covered  with  an  insulator 
(such  as  ebonite),  insulation  ^  ill  not  be  d&<^troyed  if  the  earthen- 
ware be  entirely  useless. 

208.  New  insulatoi-s  may  be  dipped  while  dry  and  hot  in 
molted  paraffin  with  excellent  immediate  results,  but  the  surface 
retains  dirt  more  easily. 
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209.  Insulators  should  be  tested  before  they  are  sent  out  from 
store.  It  is  best  to  test  the  separate  pieces  before  they  are  put 
together.  A  trough  lined  with  lead  is  fitted  with  a  rack  to  fit 
the  porcelain  cups  ;  the  cups  are  arranged  mouth  upwards,  and 
the  troughs  filled  with  acidulated  water  to  within  half  an  inch 
of  their  edges.  The  edges  are  slightly  smeared  with  grease, 
parafSn,  or  turpentine,  to  prevent  the  water  spreading  over 
them,  and  the  cups  are  nearly  filled  with  water ;  and  if  the 
ware  is  glazed,  a  small  portion  of  glaze  is  ground  off  at  the  top 
of  the  insulator  to  test  the  body. 

One  pole  of  a  battery  of  250  Daniell  cells  is  connected  to  tlie 
lead  of  the  trough,  the  other  pole  to  an  insulated  handle,  a  very 
delicate  galvanometer  being  placed  in  circuit.  The  conducting 
wire  is  dipped  into  the  water  contained  in  each  insulator  in 
rapid  succession,  and  if  any  one  is  faulty  the  needle  moves. 
The  acid  must  be  very  carefully  washed  off  after  the  tests. ' 
If  a  delicate  reflecting  galvanometer  is  used,  the  acid  is  un- 
necessary. From  its  power  of  repelling  water,  grease  greatly 
aids  insulation ;  paraffin,  again,  enormously  improves  it ;  so  that 
in  testing  samples  it  is  necessary  to  ascertain  carefully  that 
they  have  not  been  coated  with  these  substances. 

210.  In  order  to  learn  the  comparative  value  of  different 
kinds  of  insulators,  they  should  be  fixed  upon  standards  exposed 
to  the  rain  equally  on  all  sides,  and  tested  when  the  weather 
is  uniformly  wet.  Almost  any  insulator  will  suffice  in  fine 
weather,  while  that  which  tests  best  in  slight  rain  may  not 
give  the  same  result  in  extreme  wet,  when  the  insulation  is 
most  tried. 

The  best  method  of  testing  is  to  fix  as  large  a  number  as  con- 
venient, certainly  not  less  than  ten  of  each  kind,  upon  a  pole, 
connecting  them  by  a  wire  to  represent  the  line-wire,  and  fixing 
a  second  independent  wire  to  their  bolts,  to  represent  the  earth, 
and  to  determine  the  leakage  from  one  wire  to  the  other. 

To  obtain  good  results  the  following  precautions  are  neces- 
sary. Fix  a  pole  not  less  than  20  feet  high  in  an  open  place 
not  sheltered  in  any  way  or  on  any  side,  place  the  arms  on 
which  the  insulators  are  to  be  fixed  at  least  two  feet  apart,  the 
insulators  themselves  a  foot  apart.   Do  not  place  all  of  the  same 
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kind  together,  but  rather  alternate  or  mix  them  as  much  as 
possible,  so  as  to  obtain  an  average  of  exposure  for  all. 

Take  special  care  that  the  wire  representing  the  line  touches 
each  one  closely  all  round  and  uniformly  as  to  the  number  of 
turns ;  let  it  be  all  the  same  gauge.  The  object  is  to  ensure 
equal  surfaces  of  metal  in  contact  with  the  porcelain,  because 
the  leakage  takes  place  from  each  point  of  the  wire  over  the 
surface  of  the  insulator,  and  consequently  if  the  wire  does  not 
touch  uniformly,  the  leakage  will  vary  with  the  variation  of  the 
surfaces  in  contact.  If  possible,  divide  each  set  of  ten  in  half, 
making  duplicate  sets  of  live  each.  If  these  do  not  test  alike 
there  is  probably  a  defective  insulator  among  them,  which  will 
vitiate  the  test  and  must  be  removed.  Never  use  separate 
gutta-percha  or  other  insulated  leads  from  each  set  to  the  test- 
ing room,  for  these  will  become  more  or  less  damp  on  their 
surface  and  will  vary  in  insulation,  one  from  the  other,  more 
perhaps  than  the  insulators  themselves.  Use  only  one  wire, 
employing  an  assistant  to  shift  it  from  one  set  to  the  other. 

It  is  seldom  that  rain  falls  steadily  and  uniformly,  so  that  if 
the  testing  lasts  even  five  minutes  there  will  often  be  consider- 
able difference  in  the  amount  of  moisture  during  the  interval. 
After  testing  all  the  sets,  commence  again  in  the  reverse  order ; 
if  the  two  series  agree,  the  observation  is  a  good  one.  As  the 
object  of  such  tests  is  not  so  much  to  find  the  absolute  resistance 
ofthe  several  specimens  as  to  ascertain  their  relative  value,  it  is 
better  not  to  occupy  time  in  testing  in  units,  but  rather  to  read 
a  simple  deflection,  so  that  the  tests  may  be  made  as  rapidly  as 
possible,  ensuring  the  greatest  possible  uniformity  of  circum- 
stances ;  but  with  the  greatest  precaution,  the  tests  will  fre- 
quently be  extremely  anomalous.  The  approximate  resistance 
may  be  calculated  afterwards. 

211.  Speaking  generally,  the  best  insulator  is  not  that  which 
tests  best  when  quite  new,  but  that  which  bears  exposure  the 
best,  and  therefore  no  tests  are  of  any  value  which  have  not 
extended  over  several  months.  However  carefully  this  experi- 
mental testing  may  be  conducted,  it  is  not  altogether  satisfactory; 
the  only  true  method  is  to  insulate  two  wires  on  the  same  poles 
for  a  distance  of  ton  miles  or  more,  and  to  test  them  every 
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damp  day  for  six  months.     It  is  obviously  useless  in  any  case 
to  test  in  dry  weather. 

212.  The  following  is  the  result  of  tests  made  in  a  situation 
quite  free  from  insects,  but  somewhat  smoky — Gloucester  Road, 
Regent's  Park,  London— duriDg  12  months,  1868-9 : — 

Mean  Comparative  Loss. 

Brooks'  double  cup  {American  glass)   .     .     5  parts  leakage. 

Valley's  brown  ware 20     „ 

Porcelain 2G 

Double  cones,  porcelain 51 

Shackles,  ditto 82      „ 


it 

i$  i> 

ft  if 

if 


The  porcelain  insulators  were  made  very  much  wider  than  the 
Varley's  to  render  them  less  liable  to  be  blocked  up  by  insects. 
The  test,  therefore,  does  not  show  the  difference  between  stone- 
ware and  porcelain  so  much  as  that  between  a  wide  and  a 
narrow  opening. 

213.  Two  wires  on  a  railway  were  insulated,  one  with  Brooks', 
the  other  with  Varley's — there  were  44  of  each.  On  a  very  foggy 
night  the  insulation  of  the  fonner  was  290,000,  of  the  latter 
150,000  ohms;  but  the  following  morning,  just  after  the  sun 
bix)ke  out.  Brooks'  tested  390,000,  Varley's  two  millions. .  The 
narrow  opening  of  Brooks'  prevented  the  evaporation  of  the 
moisture. 

The  effect  of  iron  caps  may  be  judged  from  the  following : — 

Porcelain,  without  caps 38  parts  leakage. 

with  open  caps  (or  cages)    .     .  44 

with  closed  caps 55 

Small  earthenware  insulator,  without  caps  50     „         ., 

„      with  open  caps  50     „ 


„        with  closed  caps 55     „        „ 


}f  }) 


The  tests  also  show  that,  with  a  wide  cup,  a  bracket  gives  a 
better  result  than  an  arm,  probably  because  splashing  is  avoided ; 
the  leakage  being  26  and  38  respectively. 

214.  Periodical  cleansing  is  very  necessary.  The  interior  of 
the  umbrella  or  cup  is  a  favourite  resort  of  spiders,  which  spin 
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their  cocoons  and  deposit  their  eggs  within  them.  Straw  and 
dirt  adhere  to  the  web,  so  as,  in  some  places,  especially  under 
trees,  completely  to  fill  the  hollow  and  destroy  the  insulation. 
It  is,  therefore,  well  to  choose  the  late  autumn  for  cleaning, 
because  of  the  spiders,  as  well  as  on  account  of  the  coming 
winter. 

In  practice  a  long  and  narrow  single  cell  gives  a  better  insu- 
lation than  a  double  cell  of  half  the  depth ;  but,  as  is  shown 
above,  it  dries  more  slowly,  and  is  liable  to  be  quickly  filled  by 
insects.  ^^' 

If  a  line  pass  through  an  open  country  free  from  trees,  the 
openings  may  be  narrow ;  but  if  it  pass  near  or  under  trees, 
they  must  be  wide,  less  liable  to  be  bridged  across,  and  more 
easily  cleaned.  In  the  high  roads  of  Ireland  insects  are  very 
numerous  and  troublesome.  In  India,  it  is  said  that,  however 
large  an  insulator  may  be,  an  insect  of  the  proper  size  is  always 
ready  to  inhabit  it. 

Spiders  will  not-  build  in  insulators  fixed  on  creosoted  poles, 
nor  in  those  ebonite  insulators  which  have  been  varnished  with 
a  solution  of  ebonite  in  naphtha  to  improve  their  surface  after 
it  has  become  rough.  But  the  repelling  effect  ceases  as  the 
smell  passes  off. 

215.  After  a  long  succession  of  dry  weather,  inland  lines 
become  so  much  coated  with  dust,  that  on  the  first  damp  day  of 
autumn,  before  actual  rain  has  fallen,  the  insulation  is  lowered 
and  communication  becomes  very  difficult,  as  much  so,  perhaps, 
as  at  any  time,  except  during  an  exceptionally  violent  storm 
of  wind  and  rain.  When  rain  falls,  the  diiJiculty  at  once 
vanishes. 

216.  For  a  short  line  a  small,  single  shed,  cheap  insulator 
will  be  amply  sufficient,  and  its  maintenance  need  not  be  very 
carefully  looked  after. 

For  a  long  line  the  best  double  shed  insulators  must  be 
used;  they  must  be  kept  clean,  and  carefully  renewed  when 
broken. 

Washing  or  smearing  with  paraffin  oil  is  an  excellent  method 
of  improving  insulation  for  a  time ;  the  effect  lasts  about  six 
months. 
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In  very  smoky  places  it  is  perhaps  better  to  change  the 
Insulators  occasionally,  for  the  dirt  adheres  too  firmly  to  be 
removed  by  ordinary  washing. 

217.  When  insulation  is  imperfect,  when  the  wires  touch  the 
ground,  a  wet  wall,  the  boughs  of  trees,  grass,  or  the  like,  part 
of  the  current  escapes  to  the  earth.  This  fault  is  technically 
called  "  MLTthr 

•  218.  Imperfect  insulation  also  allows  the  cun*ent  to  divide 
itself  between  all  the  wires  on  the  pole  in  proportion  to  their 
respective  resistances ;  and  as  the  shorter  the  wire  the  less  the 
resistance,  the  tendency  is  to  escape  from  a  long  circuit  into  a 
short  one.  The  current  divides  in  like  manner  when  the  wires 
touch  one  another,  or  are  connected  by  wet  cotton  waste  (which 
is  often  thrown  on  them  by  engine-drivers),  by  kite-strings, 
or  other  conductors.  This  fault  is  called  "  contact ; "  and  when 
it  arises  from  the  effect  of  bad  weather  on  defective  insulation, 
"  weather  carUcu^J" 

219.  When  the  current  escapes  to  the  earth,  the  signals  are 
simply  weakened,  and  the  loss  can  be  made  up  by  increased 
battery-power ;  but  when  it  leaks  into  another  wire,  it  confuses 
the  signals  passing  upon  that  wire;  and  when  signals  are  sent  on 
the  second  wire  the  current  interferes  with  that  passing  on  the 
first  wire.  If  the  battery-power  is  increased  to  make  up  for 
the  loss  of  current,  the  interference  is  increased  also.  Thus 
"weather  contact"  is  a  far  more  serious  evil  than  leakage  to 
the  earth. 

It  is  an  advantage,  therefore,  if  the  leakages  can  be  inter- 
cepted and  conveyed  to  earth  by  placing  an  earth-circuit 
between  wire  and  wire.  The  signals  will,  it  is  true,  be 
weakened ;  but  the  loss  of  current  may  now  be  compensated  by 
increasing  the  battery  without  affecting  the  other  circuits  on 
the  poles.  To  obtain  the  best  result,  these  earth-wires  should 
be  soldered  to  the  insulator-bolts  or  to  the  iron  bracket  holding 
the  insulator,  which  is  provided  with  a  tinned  iron  pin  for  this 
purpose ;  the  earth-wire  must  be  attached  to  the  bracket  after 
the  latter  has  been  fixed  to  the  pole,  and  it  is  very  much  easier 
to  solder  to  the  small  pin  than  to  the  mass  of  the  bracket.  If 
the  wires  are  not  soldered  to  the  insulator-bolts,  they  should 
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at  all  events  be  tightly  screwed  between  the  nut  and  the 
washer.  The  branches  of  binding  wire  from  the  several  in- 
sulators are  connected  to  the  main  thick  wire  which  is  fixed 
to  the  side  of  the  pole. 

When  wood  arms  are  used,  and  it  is  considered  desirable  not 
to  lose  the  insulation  afforded  by  the  wood,  the  earth-wires  may 
be  wrapped  closely  round  the  arm,  or  sunk  in  a  saw  groove;  but 
they  must  be  placed  as  close  to  the  pole  as  possible,  so  that  if  a 
wire  fall  on  the  ami  it  may  not  touch  them.  They  are  screwed 
tightly  between  the  head  of  the  bolt  by  which  the  arm  is  fixed 
and  its  washer,  so  that  the  leakage  through  the  wood,  as  well  as 
that  over  its  surface,  may  be  conveyed  to  earth.  The  wire 
obviously  must  not  be  covered  with  paint  or  tar.  This  method 
is  not  so  effectual  as  tlie  first,  nor  is  the  insulation  of  the  wood 
of  much  service  in  wet  weather. 

When  a  single  line-wire  is  carried  on  the  pole-top,  it  is 
not  necessary,  indeed  not  desirable,  to  fix  an  earth- wire  to  it; 
because  its  leakage  cannot  pass  into  the  other  wires,  being 
intercepted  before  it  reaches  them;  while  its  own  support, 
being  fixed. on  the  end  gi'ain  of  the  wood,  makes  good  earth 
through  the  pole. 

220.  These  earth-wires,  however,  do  much  more  harm  than 
good  when  they  do  not  make  "  good  earth  ; "  that  is,  wlien  there 
is  any  resistance  between  them  and  the  earth.  To  form  a  good 
earth-connection,  it  is  well  to  attach  a  thick  wire  to  the  pole, 
and  to  coil  it  in  a  spiral  under  the  pole-foot,  taking  care,  of 
course,  that  it  does  not  become  tarry.  When  poles  are  set  in 
rock  or  on  viaducts  these  wires  must  not  be  used.  If,  however, 
there  be  special  reasons  for  protecting  such  places,  let  an  unin- 
sulated wire  be  run  from  pole  to  pole,  connected  to  the  earth- 
wires,  and  put  to  earth  at  the  nearest  and  most  convenient 
place. 

When  rain  occui-s  after  a  long  drought,  it  sometimes  happens 
that  there  is  more  weather-contact  on  the  first  wet  day  than 
afterwards.  The  soil  is  dry,  and  the  earth-wires  are  partially 
insulated.  They  do  not  make  good  earth  until  the  soil  has 
become  damp.  The  insulators  are  also  covered  with  dust,  which 
forms  a  conductor  until  it  i^  itself  washed  away  by  the  rain. 
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221.  If  these  wires  are  carried  to  the  top  of  the  pole,  and 
made  to  project  above  it,  they  form  useful  lightning-conductors. 

222.  If  a  wire  lies  on  the  metals  of  a  railway,  or  other 
perfect  conductor  in  communication  with  the  earth,  the  resist- 
ance of  the  fault  being  nothing  compared  with  that  of  the  wire 
beyond  it,  aU  the  current  will  pass  to  the  earth,  and  none  to  the 
receiving  station.     This  fault  is  called  " dead  earth" 

If  the  wire  lies  on  the  ground,  touches  rusty  metal,  or  any 
other  imperfect  conductor  in  communication  with  the  earth, 
the  fault  will  oflFer  more  or  less  resistance,  and  is  technically 
called  "partial  earth'*  The  greater  the  resistance  of  the  fault 
the  stronger  will  be  the  current  which  passes  on  to  the  receiving 
station,  and  vice  versd.  The  same  occurs  when  two  wires  touch, 
or  are  in  contact ;  thus  a  contact  always  gives  earth, 

223.  The  effect  of  a  fault,  whether  earth  or  contact,  is  to 
decrease  the  resistance  of  the  circuit,  to  work  the  batteries 
harder  by  augmenting  the  current  passing  out  to  the  line,  and 
to  decrease  the  current  received  at  the  distant  station. 

But  its  effect  on  the  signals  will  depend  on  its  position 
on  tlie  line,  and  this  position  will  determine  ajpo  which  of 
the  two  terminal  stations  shall  be  most  inconvenienced  by 
it,  for  a  fault  which  prevents  b  reading  A,  may  not  prevent 
A  reading  B, 

Let  A  B  be  a  wire  on  which  A  is  the  sending  and  B  the 
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receiving  station.     Let  it  have  a  resistance  of  80  ohms,  and  be 
perfectly  insulated. 

Place  a  battery  at  A,  having  an  electromotive  force,  E,  of 
1,000,  and  a  resistance  R  of  10  ohms ;  connect  one  pole  to  the 
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line,  the  other  to  earth.     Place  a  galvanometer  having  a  resist- 
ance of  10  ohms  at  B. 

When  perfect,  the  total  resistance  of  the  circuit  will  be — 

80  ohms,  line. 

10       „     instrument. 

10       „     battery. 

100  ohms  =  K. 

In  this  case,  in  which  the  line  is  perfectly  insulated,  tlie 

entire  current  passing  from  the  battery  will  act  on  the  receiving 

instrument. 

E 
The  force  of  the  current  C  is,  by  Ohm's  law,  equal  to  p- 

It  will  be  J—-  =  10.    The  strength  of  the  signals,  when  the 

line  is  perfect,  will  therefore  be  10. 

Suppose,  now,  a  fault  to  occur  connecting  the  wire  to  the 
earth,  and  offering  a  resistance  of  20  ohms.  This  will  lessen 
the  total  resistance  of  the  circuit  in  the  same  degree  as  if  a 
wire  of  20  ohms'  resistance  were  fixed  to  the  line  at  the  fault, 
and  connected  to  the  earth;  affording  a  second  path  for  the 
current,  which  would  split  or  divide  at  the  fault  into  two  parts, 
according  to  the  resistance  of  the  two  routes  open  to  it — the 
greater  part  following  the  shorter  route.  Thus,  although  the 
current  passing  out  from  battery  to  line  will  be  increased,  the 
strength  of  the  signal  will  be  decreased. 

First  Case. — Let  the  fault  be  in  tlie  centre  of  the 

line  of 80  ohms. 
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The  two  circuits  beyond  the  fault  will  then  be : — 

1.  That  by  the  line  and  instrument,  40  -f  10  «=  60  ohms. 

2.  That  by  the  fault  itself 20      „ 

Theirjointresi8tanceiwillbe|?-^JJ -      143 

OU  "X"  ^U 

Adding  the  resistance  of  the  battery,  10  ohins, 
and  the  wire  between  the  battery  and  the  fault, 
40  ohms 500 

The  total  resistance  will  be  .    .     .  64*3 

and  the  current  passing  out  to  line  -^— -  =  15*5  parts  instead  of  10. 

The  two  circuits  between  which  the  current  will  divide  at 
the  fault  having,  respectively,  resistances  of  20  and  60  ohms, 
are  in  the  proportion  of  2  to  5.  If,  therefore,  the  current  of 
1 5 '6  be  supposed  to  be  divided  into  7  parts,  6  parts  will  pass 
to  earth  by  the  fault,  and  2  parts  by  the  line  and  instrument. 

Thus f- "■  44,  which  will  be  the  strength  of  the  signal, 

instead  of  100 

Second  Case, — The  fault  at  the  receiving  station  a 
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The  two  circuits  beyond  the  fault  will  be : 

1.  That  by  the  instrument  ...»  10  ohms. 

2.  That  by  the  fault =  20    „ 

Their  joint  resistance      ^        .     .    =6*6  ohms,  nearly. 

'  The  explanation  of  this  formula  is  given  at  the  end  of  the  chapter.     The  rale 
*3 — Divide  the  product  of  the  two  resistances  hy  their  sum. 
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The  resistance  of  the  entire  circuit-^ 

Battery 10  ohius. 

Line 80 

Instrument  and  fault 6*6 


Total 96-6  ohms. 

The  current  leaving  the  battery  y^-g  =  10-35  nearly. 

The  two  circuits  at  the  fault  having  resistances  of  20  ohms 
and  10  ohms,  are  in  the  proportion  of  2  to  1,  so  that  if  the 
current  divides  into  three  parts,  two  parts  will  pass  through 
the  instrument ;  and  the  strength  of  the  signals  will  be 
10;35  X  2  ^  g.g  p^j^^  instead  of  10. 

Third  Case. — The  fault  at  the  sending  station  A.  The  two 
circuits  beyond  the  fault  will  be : — 

1.  By  the  instrument  and  line,  90  ohms. 

2.  By  the  fault,  20  ohms. 

Their  joint  resistance  ^^  — ^-r  =  16  ohms,  nearly. 
•^  90  -f  20  -^ 

Add  battery 10     „  „ 

The  total  resistance  will  be  only  26  ohms. 

Current  leaving  battery  -i— -  =  38. 

The  two  circuits  beyond  the  fault  are  in  the  proportion  of 
2  to  9,  and   — :^^  =  6*9,  will  be  the  strength  of  the  signals, 

instead  of  1 0. 

Fourth  Case, — The  fault  20  ohms  fi*om  a. 

60  +  10  =  70  ohms,  line  and  instrument, 
20  ohms  fault, 
are  the  two  circuits  between  which  the  current  will  divide,  and 

.- — -7-^  =  15*5  their  loint  resistance. 
70  +  20  ** 


IKSDLATION.  125 

Entire  resistance  of  circuit — 

Battery 10     ohms. 

Wire  to  fault 20 

Beyond  fault 155 


ft 


Total 45*5  ohnis. 

Current  leaving  battery  -^-—-  =  21*7  nearly,  and 

45"5 

21*7  X  2 

Q-  -  =  48  nearly,  the  strength  of  signals. 

Fifth  Case. — The  fault  20  ohms  from  B,  its  resistance  20  ohms. 
20  +  10  ohms,  line  and  instrument 

K7^ — jv\  =  ^2  joint  resistance. 

Z\)  -f-  ox) 

Total  resistance — 

Battery 10  ohms. 

Wire  to  fault 60      ,. 

Beyond  fault 12      „ 

Total 82  ohms. 

The  current  leaving  the  battery  -W^ —  =   12*2   nearly,   and 

12'2  X  2 

^ =  4'8  nearly,  the  strength  of  signals. 

Thus,  on  a  circuit  consisting  of — 

Line-wire  of 80  ohms  resistance  • 

lustniment 10  „ 

Battery 10  „ 

with  an  electromotive  force  of  1,000, 

The  strength  of  signals,  when  the  line  is  perfect,  will  be  100  parts. 

When  a  fault  of  20  ohms'  resistance  is  in  the  centre     4'4    „ 

The  same  fault  20  ohms  from  receiving  station     .     ,     4'8     „ 
„       „        20  ohms  from  sending  station  .     .     .     48     „ 

„       „        at  the  receiving  station 6*9     „ 

„       „        at  the  sending  station 6*9     „ 

Tims,  the  effect  of  a  fault  is  greatest  when  in  the  centre  of  such 

a  line. 
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224.  The  following  formula^  from  Gavairet's  excellent  work  on 
the  Telegraph,  will  be  found  more  convenient  for  these  calcula- 
tions. It  gives  the  efifective  current,  or  the  strength  of  the 
signals : — 

1.  Call  the  resistance  of  the  line  between  the  sending  station 

and  the  fault,  including  the  battery  and  apparatus,  R 

2.  Call  the  resistance  of  the  line  beyond  the  fault,  including 

the' receiving  apparatus,  r. 

3.  And  the  resistance  of  the  fault  itself,  f. 

4  Let  the  electromotive  force  of  tlie  battery  be  E. 
5.  Multiply  R  by  r. 
Multiply  R  by  f. 
Multiply  r  by  f. 

Add  the  three  products  together. 

Multiply  f  by  E,  divide  this  product  by  the  sum  of  the 
three  previous  products,  the  quotient  will  be  the  strength 
of  the  signal  at  the  receiving  station. 
Expressed  algebraically,  the  formula  reads  thus : — 

E  f 

Tj — .  lif  , — r  =  strength  of  signals. 
Kr  +  Kf+rf  °  ° 

The  first  case  will  be  calculated  thus  : 

R  =  60.    r  «  50.     f  =  20.     E  =  1000. 

50  X  50  =  2,500 

50  X  20  =  1,000 

20  X  20  =  1,000 

4,500 


and  20  x  1,000  =  20,000,  which  divided  by  4,500  gives  44  as 
the  strength  of  the  received  signals. 

In  the  fourth  case,  R  =  30,  r  =  70,  f  =  20,  E  =  1,000. 

1,000  X  20 

30  X  70  +  30  X  20  +  70  X  20  "^  ^ 
In  the  fifth  case,  R  =  70,  r  =  30,  f  =  20,  E  =  1,000. 

1,000  X  20 


70  X  30  +  70  X  20  +  30  X  20 


=  4-8 


225.  It  will  be  seen  that  the  values  of  R  and  r  in  the  two 
last  calculations  are  transposed.     Thus,  when  the  resistance  of 
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the  battery  is  equal  to  that  of  the  receiving  instrament,  a  fault 
arising  at  a  given  distance  from  the  sending  end  of  the  line  will 
have  an  effect  on  the  signals  equal  to  that  of  the  same  fault  at 
an  equal  distance  from  the  receiving  end. 

Both  stations  will  be  equally  affected  by  it. 

But,  practically,  as  the  battery  of  a  long  circuit  consists  of 
many  cells,  it  offers  much  more  resistance  than  the  instrument, 
and  therefore  the  centre  of  the  line  will  not  be  the  centre  of  the 
circuity  which  comprises  not  only  the  line- wire,  but  the  battery 
and  instrument.  The  effect  of  a  fault  on  signals  will  therefore 
be  greatest  when  nearest  the  sending  station,  thus : 

Take  a  case  in  which  an  earth  of  10  ohms'  resistance  occurs 
5  ohms  from  A,  and  115  ohms  from  B  (Fig.  54) :  the  resistance 
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of  the  instrument  or  galvanometer  being  10  ohms,  of  the  battery 
of  24  cells  12  ohms,  and  the  electromotive  force  10,000. 
When  A  sends  a  signal  from  24  cells, 

E  =  10,000,  E  =  17,  r  =  125,  f  =  10, 
the  effective  current  received  at  b  will  be 

10,000  X  10 

17  X  125  +  17  X  id  +  125  x  10  "  ^^• 
When  B  sends, 

E  =  10,000,  R  =  127,  r  =  15,  f  =  10. 
Effective  current  received  at  a, 

10,000x  10 

127  X  15  +  127  X  "10  +  15  x  10  ""  ^^• 
Now  calculate    the  effect  of   increased   battery  power,  say 
48  cells. 
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A  seuding — 

E  will  be  doubled  =  20,000  ;   the  battery  resistance. is 

also  doubled. 
R  =  batter}^        24  -h  line      5  =    29. 
r  =  instrument  10  +  line  115  =  125. 

f  =  as  before =    10. 

^^     .  20,000  X  10 

Effective  current,  ^^^^^  +-29^l0Tr25  x  10  =  ^^' 

B  sending — 

E  =  20,000. 

E  =  battery         24  +  line  115  =  139. 

r  =  instrument  10  +  line      5  =    15. 

f  =  fault =    10. 

^«.     .  20,000x10 

Effective  current,  j-39-^  j^  JHTsg  x  10+ 15  x  10  =  ^^- 

Here,  as  the  resistance  of  the  battery  increases,  the  difference 
in  the  effect  of  the  fault  on  signals  received  at  the  two  stations 
increases  also. 

Double  the  size  of  tlie  plates,  halving  the  resistance. 
A  seuding — 

K  ='20,000. 

11  =  line     5  +  battery         12  =    17. 

V  =  line  115  +  instrument  10  =  125. 

f =    10. 

The  effective  force  is  56. 
B  sending — 

E  =  20,000. 

R  =  line  115  +  battery         12  =  127. 

r  =  line      5  +  instrument  10  =    15. 

f =10. 

The  effective  current  is  60. 

Here  the  effective  current  is  just  double  that  of  24  cells  of 
the  smaller  size.  The  battery  resistance  having  been  halved, 
the  total  resistance  is  the  same  as  with  24  cells,  while  the 
electromotive  force  is  doubled. 

226.  To  sum  up  the  foregoing  calculations  and  extend  them 
in  a  tabular  form  : — 

If  on  a  wire,  whose  resistance  is  120  ohms,  there  be  a  fault 
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offering  a  resistance  of  10  ohms,  situated  5  ohms  from  the  end 
A ;  then,  if  the  recording  apparatus  have  a  resistance  of  10  ohms, 
the  battery  of  ^  ohm  per  cell,  and  if  the  electromotive  force  (e) 
be  10,000  per  trough  of  24  cells — the  effect  of  the  fault  on  the 
current  received  at  each  terminal  station  is  as  follows : — 


Resistance  of 

Strength  of  Signals 

Strength  of  Sisals    ■ 

No.  of  ccUb. 

Battery,  in 

E. 

received  at  A  near 

receiv^  at  B  distant 

ohma. 

the  fault 

fh>m  the  fault 

24  small 

12 

10,000 

30 

1 
28 

48      „ 

24 

20,000 

55 

88 

96      „ 

48 

40,000 

94 

47 

192      ,. 

96 

80,000 

147 

53 

24  double 

6 

10,000 

81 

86 

48      „ 

12 

20,000 

60 

56 

48  treble 

8 

20,000 

61 

66^ 

96  double 

24 

40,000 

110 

77 

The  current  received  from  24  cells,  when  the  line  is  perfect, 
is  70,  and  from  48  cells  130. 

In  France,  where  the  resistance  of  the  coil  is  extremely  high, 
the  station  nearest  a  fault  is  most  affected  by  it;  hence  their 
works  on  pi*actical  telegraphy  appear  to  contradict  what  has  just 
been  stated. 

227.  When  there  are  several  faults,  the  calculation  is  much 
more  difficult ;  with  two  faults,  the  law  is  this  : 
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Taking  the  same  circuit  as  in  the  former  cases,  with  two  faults, 

*  This  case  is  an  exception  to  the  general  rule  that  the  signals  received  at  the 
station  farthest  from  the  fault  are  more  enfeebled  than  those  received  at  the 
station  nearest  it.  The  reason  is,  that  in  this  case  only  is  the  resistance  of  the 
battery  less  than  that  of  the  coil  of  the  apparatus. 

K 
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F'  and  F',  each  of  20  ohms*  resistance,  tlj^  first  40  ohms  from 
A,  the  second  20  ohms  from  B. 

When  the  line  is  perfect  the  resistance  will  be  100,  and  the 

current  -■     -  =  10,  as  before. 

With  one  fault  at  F'  the  resistance  ^^-^  =  14-2  +  50  =  64-2. 

50  +  Zu 

With  one  fault  at  F"  „  |^^^  =  12    +70  =  82-0. 

With  both  faults— 

Resistance  beyond  F" .     .     .     .     =12  ohms, 
between  F' and  F^  .     =20     „ 

Total  resistance  beyond  F'   .     .         32  ohms. 

The  joint  resistance  of  F  and  the  circuits  beyond  it  are 

32  X  20  _  640     __ 
32  +  20       52      -     ^"^"^ 

Add  the  battery  and  the  line  from  A  to  F'         500 

Total  new  resistance     62*3  ohms. 

Current  leaving  the  battery  -^^.w  =  16  parts  instead  of  10. 

This  current  will  divide  at  F'  between  the  wire  and  the  fault, 
in  the  inverse  proportion  of  the  resistances  20  and  32,  and  6*1 
parts  will  go  towards  B  ;  this  will  split  again  at  F  between  the 
two  resistances  20  and  30,  and  2*4  parts  will  reach  the  receiving 
apparatus. 

228.  Occasionally,  when  insulation  is  very  defective,  a  wire 
will  test  alike  whether  disconnected  at  the  distant  end  or  not, 
yet  sufficient  current  will  reach  the  instrument  to  give  readable 
sicjnals. 

Take  a  circuit  of  40  ohms,  and  let  there  be  a  fault  of  two 
ohms'  resistance  in  its  centre — 

^  .  -  '^  =  -^D  —  1*^  will  be  the  resistance  beyond  the  fault. 

Force  of  battery     .     1000,       .^^i^i  ^        . 

Resistance  of  circuit  1  •8?20  =  ^^■^'  "^®  ^'^'«'^*  P^^^°«  °^*  ^  l'"«- 

45*8  X  2 

-— --—  =4*1,  current  reaching;  the  instrument. 
22 


INSULATION. 


131 


If  the  wire  be  disconnected  at  B,  the  total  resistance  of  the 
circuit  will  be  22  ohms  instead  of  21-8,  and  the  current  passing 
out  to  line  45*4,  instead  of  45*8,  or  almost  exactly  the  same  as 
when  not  disconnected. 

229.  The  laws  of  derived  currents^  or  faults,  as  already  ex- 
plained, will  enable  us  to  calculate  the  effect  of  connecting 
instruments,  so  as  to  divide  a  current  between  them,  thus : — 


■EARTH 
Fio.  66. 

The  same  law  will  enable  us  to  explain  how  it  is  that 
there  is  no  appreciable  difference  in  the  signals,  whether  the 
needles  of  a  double-needle  instrument  are  worked  singly  or 
together,  although  the  effect  of  working  both  at  once  is  pre- 
cisely the  same  as  establishing  an  earth  of  equal  resistance  to 
the  entire  circuit  excepting  the  battery,  close  to  the  sending 
station. 

Take  the  line  of  70  ohms,  with  battery  and  instruments  each 
of  10  ohms'  resistance,  and  force  of  battery  1,000. 


When  one  needle  only  is  used. 


1,000 
100 


=  10  will  be  the  signal. 


When  both  are  used,  the  current  will  divide  thus : — 


Fig.  57. 


K  2 
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90  X  90 

And  we  have  x^ ttk  =  45  ohms  as  the  joint  resistance  of 

90-1-90 

the  two  wires. 

Adding  the  battery  10  ohms,  -^  =  18  will  be  the  current 

passing  out  to  line,  and  9  the  signal  instead  of  10.  If  the 
battery  had  less  resistance,  the  difference  of  signal  would  be 
less ;  and  if  it  were  nothing,,  the  signal  would  not  be  affected 
at  all.  But  the  battery,  being  harder  worked,  would  get  weak 
much  more  quickly. 

230.  Thus,  two  or  more  wires  of  similar  resistance  can 
be  worked  from  the  sainse  large  battery,  provided  they 
be  well  insulated,  and  that  the  current  be  sent  on  each  in 
the  same  direction ;  for  if  the  copper  be  put  to  earth  on 
one  circuit,  while  the  zinc  is  to  earth  on  another,  the  battery 
will  be  on  "short  circuit."  Doiible  sets  of  batteries,  one  for 
the  positive  aud  the  other  for  the  negative  current,  allow 
of  reversals. 

A  great  objection  to  the  method  is,  that  a  battery  fault  affects 
all  the  circuits  connected  with  it,  and  a  line  fault  renders  the 
current  very  variable,  as  may  readily  be  seen  on  a  double-needle 
circuit.  The  system  has,  however,  been  extensively  emj)loyed 
on  the  Continent,  is  universal  in  the  United  States,  and  is 
successfully  worked  in  London  upon  several  groups  of  the  short 
metropolitan  circuits. 

At  the  central  office  in  Amsterdam,  where  single  (unreversed) 
currents  are  used,  the  battery  consists  of  zinc-carbon  and  dilute 
sulphuric  acid.  The  terminal  zinc  is  put  to  earth,  and  the  in- 
strument wires  of  the  shortest  circuits  are  connected  to  the  20th 
carbon,  so  that  they  are  worked  with  a  tension  of  20  cells :  others 
are  connected  at  the  40th,  50th,  and  80th,  and  the  longest  circuits 
at  the  100th,  or  terminal  carbon. 

From  the  100th  to  the  81st,  inclusive,  the  cells  are  arranged  in 
single  series;  from  the  80th  to  the  51st  three  series  are  placed 
side  by  side;  four  series  from  the  50th  to  the  4lst;  from  the 
40th  to  the  21st  there  are  five  sets  side  by  side,  and  the  20 
nearest  the  zinc  end,  which  are  used  in  the  shortest  lines,  consist 
of  six  series. 
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The  local  battery  is  45  similar  cells  arranged  in  three  series  of 
15  cells  side  by  side. 

From  these  batteries  forty  circuits  are  worked,  and,  it  is  said, 
with  success. 

In  the  United  States  the  Grove  or  Bunsen  battery,  which  has 
a  very  small  resistance,  is  used ;  and  it  is  stated  by  one  of  the 
leading  American  electricians  that  it  was  found  on  a  very  wet 
day,  if  a  circuit  of  100  miles  was  connected  to  60  cells  of  Bunsen, 
the  addition  of  three  similar  wires  reduced  the  current  on  the 
lirst  one  12  per  cent.  He  adds,  that  it  is  a  common  practice  to 
attach  as  many  as  eight  wires  to  such  a  battery,  which  in  the 
case  named  would  have  reduced  the  current  above  25  per  cent. 

He  also  states  that,  in  the  opinion  of  many  of  those  best 
qualified  to  judge,  it  would  be  more  economical  and  more  effica- 
cious to  use  a  separate  set  of  Daniell  for  each  long  circuit. 

231.  The  law  that  a  current  splits  or  divides  according  to  the 
resistances  of  the  several  paths  open  to  it,  enables  us  to  explain 
a  method  which  has  been  proposed  for  signalling  across  rivers 
without  wires. 

Large  copper  plates  are  placed  in  the  water  at  A,  B,  E,  and  D 
(Fig.  58),  connected  by  insulated  wires.    Two  paths  are  then  open 


T/y- 


■^^ 


Fto.  58. 


to  the  current  from  the  battery  o  z ;  c  B  E  z  following  the  course 
of  the  river-bank,  and  c  b  a  G  d  E  z  crossing  the  stream,  passing 
through  the  wire  A  D  and  the  galvanometer  G.  In  order  that 
sufficient  current  to  produce  a  signal  shall  pass  through  G,  it  is 
necessary  that  the  distance  b  e  along  the  bank  should  be  con- 
siderably greater  than  double  the  breadth  of  the  river.  We  are 
not  aware  that  this  method  has  been  adopted  in  practice. 
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The  same  explanation  applies  to  the  singular  case,  which 
occasionally  occurs,  in  which  signals  pass  through  a  broken 
wire,  the  ends  of  which  lie  on  the  ground  at  a  short  distance 
from  each  other. 

232.  The  foregoing  calculations  show  that  increasing  the  size 
of  the  plates,  rather  than  increasing  their  number  beyond  a 
certain  limit,  is  theoretically  the  best  method  of  providing  for 
the  loss  of  current  arising  from  defects  in  insulation.  Practice 
fully  confirms  the  theory. 

To  give  examples :  Mr.  Varley  records  the  following  obser- 
vations made  on  the  London-Bristol  circuit,  at  a  time  when  the 
insulation  was  far  less  perfect  than  at  present,  and  when  sand 
batteries  were  used,  which  are  much  more  quickly  exhausted 
than  the  batteries  now  employed,  so  that  the  effects  are  in  some 
respects  exaggerated,  although  they  illustrate  the  principle 
admirably. 

The  number  of  cells  usually  employed  was  seventy-two,  the 
plates  measuring  three  inches  by  four.  On  a  very  wet  day 
Bristol  was  unable  to  read.  The  batteries  were  tested  for  resist- 
ance with  a  thick  wire  galvanometer  (quantity  detector),  and 
gave  40*^  on  short  circuit.  The  signals  were  not  legible  until  the 
number  of  cells  had  been  quadrupled.  After  an  hour  they  again 
failed.  The  batteries  now  showed  but  25^  instead  of  40,' 
having  nearly  doubled  in  resistance ;  and  a  fine  wire  galvano- 
meter placed  in  the  line-circuit  indicated  14*  as  the  strength  of 
the  current  flowing  from  battery  to  line. 

The  288  cells  were  then  formed  into  two  parallel  series  of 
144  cells  each,  the  copper  poles  of  each  set  being  connected  to 
the  copper  terminal  of  the  instrument  and  the  two  zinc  poles 
to  the  zinc  terminal  of  the  instrument.  The  battery  thus 
arranged  was  equivalent  to  144  cells  of  double  the  usual  sur- 
face, so  that  its  resistance  was  no  greater  than  the  original  series 
of  72  cells,  while  its  electromotive  force  was  twice  as  great. 

When  this  battery  was  joined  to  the  line  the  line-wire 
galvanometer  indicated  20°,  and  Bristol  read  well.     When  the 


1  Tlie  resistancn  of  tlie  batteries  in  ohms  is  not  known.     The  experiment  was 
mnde  lefore  the  s^'stein  of  testing  in  units  had  been  introduced. 
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battery  was  again  joined  up  in  one  series  of  288  cells,  Bristol 
could  not  read.  The  resistance  of  each  cell  was  probably  20 
ohms,  and  that  of  the  line  and  apparatus  about  1,900.  The 
total  resistance  when  72  cells  were  used  would  then  be  about 
3,340  ohms,  and  with  288  cells  in  single  series  7,6G0  ohms. 
But  this  resistance  was  doubled  by  the  exhaustion  of  tlie 
exciting  liquid,  after  an  hour's  work,  so  that  the  extra  resist- 
ance would  have  balanced  the  increase  in  power  from  the 
greater  number  of  cells,  and  have  prevented  an  improvement 
in  signals,  even  if  the  electromotive  force  of  the  cells  had  not 
been  reduced. 

Again  :  the  signals  upon  the  same  circuit  having  failed  on  a 
wet  day,  144  cells  were  added  for  tension,  and  communication 
was  restored.  But  after  two  hours  the  signals  again  failed, 
and  when  the  original  72  cells  were  tested  for  resistance,  they 
gave  3^  only.  Upon  removing  them  from  the  series,  leaving 
the  144  cells  which  had  been  added,  Bristol  read  well.  Thus 
the  increasing  the  electromotive  force  of  the  series  exhausted 
the  defective  set  more  quickly  than  would  have  otherwise 
happened. 

The  following  results  were  obtained  by  Mr.  C.  V.  Walker,  in 
actual  experiment,  on  a  very  bad  line  of  5^  miles,  including  a 
defective  tunnel.  The  current  received  at  the  distant  end 
was: — 


From  24  cells,  ordinary  size 

.  .     10 

„     24     „     double       „ 

.     24 

,.     24 

„    treble         „ 

.     27 

,.     24 

„    four-fold    „ 

.     30 

„     24 

„     five-fold     „ 

,  .     31 

..     24    , 

„     six-fold      „ 

.  .     32 

„     48 

„     oi-dinary     „ 

.  .     19 

„     48 

„     double        „ 

.  .     37 

„    48 

„     treble         „ 

.  .     46 

„     72     . 

,     ordiuary     „ 

.  .     21 

,.     72     , 

,     double        „ 

.  .     43 

„     96     , 

,     ordinary     „ 

.  .     23 

„  120    , 

,     ordinary     „ 

.  .     26 
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233.  There  are  other  reasons  against  unduly  increasing  the 
number  of  cells  of  a  battery  when  the  line-resistance  is  lessened 
by  bad  insulation.  It  exhausts  the  battery  very  much  more 
quickly,  because  of  the  increased  action  due  to  increased  electro- 
motive force,  and  it  is  much  less  economical 

The  chemical  action,  in  each  cell  of  a  series,  is  precisely 
equal  and  proportional  to  the  current  produced  (59).  It  is 
evident,  therefore,  that  if  we  can  obtain  the  same  effect  by  a 
certain  number  of  large  cells  as  by  twice  the  number  one-half 
the  size,  the  consumption  of  zinc  and  sulphate  of  copper  will  be 
reduced  one-half. 

234.  However  well  a  line  may  be  insulated,  there  is  an 
enormous  difference  between  wet  and  dry  weather ;  the  insula- 
tion of  the  best  lines  falls  very  low  (comparatively  speaking)  in 
heavy  rain. 

The  average  insulation  resistance  per  mile  of  a  circuit  of  280 
miles  of  No.  4  wire,  without  intermediate  stations,  was  found 
to  be — 

Ohms. 

In  moderately  fine  weather .-     .     •  13,700,000 

Lowest  insulation  in  wet  weather  while  working  well  192,000 

Insulation  at  which  communication  became  diflBcult  182,000 

Resistance  of  the  wire  itself 2,260 

It  may  be  that  the  280  miles  of  wire  would  work  with  an 
average  insulation  of  182,000,  if  the  leakage  were  uniformly 
distributed;  that  is,  if  one  part  of  the  line  were  as'  good  as 
another.  Such  a  condition  is,  however,  never  attained  in 
practice,  and,  as  will  easily  be  understood,  there  is  a  great 
difficulty,  when  communication  is  slow  and  business  delayed, 
in  learning  precisely  the  condition  of  each  portion  of  the  line. 
In  the  case  of  a  somewhat  shorter  and  better  insulated  line  the 
highest  recorded  insulation  per  mile  was — 

Ohms. 

In  fine  weather 78,750,000 

The  lowest  in  wet  weather  while  working  well  .     .         131,000 
The  circuit  was  not  stopped  at 91,900 

This  last  circuit  is  never  seriously  affected  by  weather :  the 
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insulation  never  falls  below  the  working-point,  unless  in  case 
of  accident ;  and,  generally  speaking,  no  circuit,  insulated  with 
double-shed  brown-ware,  not  exceeding  400  miles,  even  if  not 
of  larger  gauge  than  No.  8,  is  ever  stopped  by  this  cause  except 
it  run  for  a  considerable  distance  near  the  sea ;  and  not  even 
when  near  the  sea  unless  some  of  the  insulators  are  cracked. 

Note. 

235.  DetermiTUition  of  the  joint  resistance  of  two  or  more  drcvits 
between  which  the  current  divides,  as  in  the  case  of  a  fatdt,  a  shunt, 
or  two  circuits  worked  by  the  same  batteries  (230). 

When  a  current  splits  between  two  or  more  conductors,  it 
divides  proportionally  to  their  resistance.  If  the  two  con- 
ductors are  precisely  alike,  it  divides  equally;  if  they  are 
similar,  save  in  length,  then  the  current  divides  between  them 
in  the  inverse  mtio  of  their  lengths. 

Let  E  and  r  be  the  resistances  of  the  two  circuits,  C  and  c 
their  conductibility ;  the  two  united  will  have  a  conductibility 

X  equal  to  C  -f  c,  that  is,  equal  to  ^  +  —  (resistance  being  the 

converse  or  reciprocal  of  conductibility.) 

1        1  R  4-  r 

Then   the  conductibility  a;  =  =5  4  -  =     ^.       ;  the  resistance 

K      r         li  r 

E  r 
being  the  reciprocal  ^ .     That  is,  the  resistance  of  the  two 

circuits,  when  connected,  is  equal  to  the  product  of  their  sepa- 
rate resistances  divided  by  their  sum. 

The  joint  resistance  of  any  number  of  conductors,  connected 
side  by  side  or  in  multiple  arc,  may  be  found  by  adding  together 
the  reciprocals  of  their  respective  resistances  and  finding  the 
reciprocal  of  the  result.. 

The  reciprocal  of  any  number  is  the  fraction  obtained  by 
dividing  unity  by  that  number ;  and  that  of  any  fraction  is  the 
fraction  itself  inverted.  Thus  the  reciprocal  of  2  is  J  or  '5; 
and,  conversely,  the  reciprocal  of  '5  or  J  is  2 ;  the  reciprocal 
of  -J-  is  ^, 

Let  it  be  required  to  find  the  joint  resistances  of  three  wires, 
measuring  20,  30,  and  12  ohms  respectively. 
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By  the  first-named  method,  the  joint  resistance  of  the  first 

20  X  30 
two  is  found  thus   ^- — ^^  =  12:  and  then  the  resistance  of 

20  +  30  ' 

12  X  1*^ 
this  pair  and  the  third  wire  -  ^  — =-"  =»  G. 
^  12  +  12 

s 

By  the  second  method,  the  reciprocal  of  20  is  0*50 

30  is  0-33 
12  is  0-83 


which  added  together  =  '166 

the  reciprocal  of  which  is  6. 

This  operation  is  equivalent  to  the  addition  of  the  following 
fractions,  representing  the  conductihility  of  the  several  wires, 
and  taking  the  reciprocal  of,  or  inverting,  the  fraction  repre- 
senting their  sum. — For  example,  ^V  +  ^^  +  yV  =  i  which 
inverted  is  x  or  6. 
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THE  CONSTRUCTION  OF  A  LINE   OF  TELEGRAPH. 

236.  In  order  to  establish  cominiinication  between  two  places 
it  is  necessary  t/O  erect  a  wire  of  sufficient  conductibility,  and  to 
insulate  it  sufficiently  well.  A  good  earth-connection  must  be 
provided  at  the  terminal  stations,  and  a  circuit  formed,  including 
the  earth,  the  apparatus,  the  line-wire,  the  apparatus  at  the  dis- 
tant station,  and  the  earth  again.  Intermediate  stations  are 
introduced  by  cutting  the  wire,  and  placing  the  instrument 
between  the  divided  ends. 

237.  Leaving  first-cost  out  of  consideration,  it  is  better  to  use 
suspended  rather  than  buried  wu'es,  because  of  the  liability  of 
gutta-percha  and  india-rubber  to  deteriorate,  the  expense  of 
repairing  faults,  and  the  retardation  of  signals  consequent  upon 
the  greater  inductive  capacity  (151)  of  wires  laid  imderground. 
Short  lengths  of  buried  wire  alternating  with  suspended  wire 
should  be  avoided  as  much  as  possible,  because  the  deterioration 
of  percha  is  rapid  where  exposed  to  air  and  light,  and  it  must 
necessarily  be  exposed  at  the  points  where  the  two  systems  join. 

238.  The  preparation  of  percha  and  rubber,  and  especially 
the  method  of  joining  the  several  pieces,  have  been  so  greatly 
improved  since  the  failure  of  the  extensive  systems  of  buried 
wires  in  Prussia  and  in  England,  that  long  subterranean  lines 
are  now  quite  practicable,  where  special  circumstances  make 
them  necessary. 

No  instance  has  occurred  of  percha  having  deteriorated 
when  placed  under  water.  In  the  sea  it  appears  to  be  inde- 
structible.  The  experience  of  india-rubber  is  not  so  satisfactory. 
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239.  It  is  better  and  cheaper,  in  the  country,  to  use  iron 
wires  carried  on  poles  over  tunnels,  than  covered  wires  through 
them.  In  towns,  however,  if  there  are  many  wires,  or  if  the 
circuits  are  long  and  important,  it  is  better  to  carry  them  under 
the  streets  than  over  the  houses.  In  the  first  case,  there  is 
little  difficulty  in  planting  the  poles,  and  insulation  is  good  in 
the  open  country ;  in  the  second  case,  open  wires  rust  quickly : 
their  insulation  is  bad  because  of  smoke,  and  it  is  not  easy  to 
find  permanent  positions  for  the  supports. 

240.  For  poles  the  best  foreign  timber  is  the  most  durable, 
but  its  price  precludes  its  use  in  England,  except  where  a  more 
sightly  appearance  or  extra  strength  is  required.  English  larch, 
from  thirty  to  forty  years'  growth,  cut  close  to  the  ground  so  as 
to  obtain  the  "  natural  butt  '*  of  the  tree,  having  its  rings  close, 
and  containing  a  fair  proportion  of  heart-wood,  if  felled  in  the 
winter  and  well  seasoned,  is  very  suitable;  but,  if  possible, 
poles  should  be  prepared  with  some  antiseptic,  such  as  creosote 
or  copper  sulphate.  The  poles,  if  unprepared,  should  be  barked 
and  stacked  in  such  a  manner  as  to  allow  a  free  circulation  of 
air.  among  them,  the  lowest  tier  being  raised  several  inches  from 
the  ground.  They  should  be  protected  from  the  sun,  so  as  not 
to  dry  too  quickly,  or  they  will  split. 

If  the  bark  is  allowed  to  remain  on,  splitting  will  be  pre- 
vented, but  they  will  be  liable  to  be  attacked  by  boring  worms 
and  other  insects ;  and  the  sap,  when  prevented  from  drying  out 
quickly,  ferments,  and  forms  the  germs  of  decay. 

The  butt  ends  should  be  well  roasted  over  a  slow  fire.  From 
the  bottom  to  a  foot  above  the  intended  ground  line  should  be 
slightly  charred,  and  tarred  when  hot,  with  a  mixture  of  four 
parts  of  gas-tar  (boiled  with  powdered  quick-lum^,  to  expel  the 
water  and  ammonia)  and  one  of  Stockholm  tar.  When  set  on 
the  line,  they  should  be  allowed  to  remain  for  three  or  four 
months  to  dry  thoroughly,  before  they  are  painted,  which 
should  not  be  done  except  in  dry  weather. 

If  it  be  impossible  to  procure  seasoned  timber,  the  butts 
should  be  charred  and  baked,  hut  Tiot  tarred  ;  for  coating  green 
timber  with  tar  or  paint  prevents  its  drying,  and  causes  it  to 
decay.     When  the  timber  has  become  well  seaaoned,  the  soil 
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may  be  removed  to  a  depth  of  at  least  a  foot  around  the  bottoms 
of  the  poles  ;  and  when  this  part  has  become  dry,  the  tarring 
and  painting  may  be  proceeded  with. 

It  is  difiScult  to  creosote  larch  unless  it  is  perfectly  dry. 
Round  Baltic  poles  creosoted  are  very  suitable,  but  unless 
prepared  they  will  not  last  as  long  as  seasoned  larch. 

For  lines  of  ten  wires,  or  less,  a  diameter  of  five  inches  at  top 
is  sufficient :  if  more  than  ten  wires,  six  inches.  The  greater 
the  distance  from  one  another  at  which  the  poles  are  set,  the 
stronger  must  be  the  timber. 

241.  On  railways,  so  far  as  possible,  the  wires  must  be  placed 
within  sight  from  the  trains,  so  that  they  may  be  readily  in- 
spected. Bearing  this  in  mind,  the  poles  should  be  set  at  the 
greatest  possible  distance  from  the  metals,  so  that  if  a  pole  be 
broken  it  shall  fall  clear  of  the  line.  The  holes  should  not  be 
less  than  five  feet  deep. 

242.  When  poles  fall  across  the  rails,  the  platelayers  are 
compelled  to  cut  the  wires  to  clear  the  line,  so  that  they  run 
hack  a  considerable  distance,  increasing  the  damage  six-fold. 
It  is  better,  therefore,  on  very  important  circuits,  that  they  be 
terminated  at  each  end  of  large  station-yards,  where  the  poles 
cannot  be  placed  free  from  the  lines  of  rails ;  so  that  if  an  acci- 
dent occur,  and  the  wires  be  cut  by  the  workmen,  they  may  not 
run  back  beyond  the  terminal  poles. 

Too  much  care  cannot  be  taken  when  the  wires  of  a  railway 
cross  a  public  road,  especially  when  they  pass  over  a  bridge 
by  which  the  road  crosses  the  railway.  It  is  better  in  turnpike- 
roads  to  place  a  pole  on  each  side  of  the  bridge,  and  to  double 
bind  and  solder  the  wires  to  the  insulators  at  these  poles, 
and  double  bind,  without  soldering,  at  three  or  four  poles  on 
each  side ;  so  that  the  breaking  of  a  wire  near  the  spot  shall  not 
by  any  chance  cause  it  to  drop  so  low  across  the  road  as  to 
endanger  the  traffic.  Each  wire  should  be  guarded,  to  provide 
against  danger  from  broken  insulators. 

However  desirable  it  may  be  to  set  poles  in  a  straight  line 
upon  railways,  it  is  objectionable  doing  so  on  roads  when 
they  must  be  crossed  either  wholly  or  partially  by  the  wire. 
Eoads  should  never  be  crossed  by  the  wire   unless   impera- 
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lively  necessary.  Eveiy  such  crossing  is  an  indefinite  source 
of  risk  to  persons  travelling  on  the  road  either  in  snow-storms, 
frosts,  or  gales. 

243.  Over  tunnels  or  bridges,  in  places  which  are  not  within 
sight,  or  where  there  would  be  more  than  ordinary  difficulty  in 
executing  repairs,  the  work  should  be  unusually  strong,  the  best 
wire  used,  the  greater  distance  given  between  wire  and  wire,  so 
as  to  make  such  portions  less  liable  to  interruption.  In  such 
places,  it  is  also  desirable  to  use  iron  hoods  to  protect  the  insu- 
lators from  damage  by  stones,  and  t-o  fix  guards  to  catch  the 
wires,  should  they  become  detached  by  the  breaking  of  the 
insulators  or  bindings.  On  curves,  also,  the  wires  should  be 
guarded,  especially  so  on  the  inside  of  the  curve. 

244.  The  smaller  the  number  of  poles  to  the  mile,  the  better 
will  be  the  insulation,  and  the  less  the  cost ;  but  the  greater  the 
liability  to  accident,  and  the  greater  the  difficulty  of  making 
repairs. 

Experience  has  shown,  that  for  a  railway  telegraph  of  more 
than  about  eight  wires,  there  should  not  be  less  than  twenty 
poles  to  the  mile  on  straight  parts  of  the  line,  and  a  greater 
number  on  curves,  dependent  on  the  radius  (or  sharpness)  of 
the  curve,  and  on  the  direction  of  the  strain.  When  the  poles 
are  set  on  the  outside  of  the  curve,  the  strain  tends  to  pull  them 
towards  the  rails,  and  if  a  wire  break  loose,  it  will  hang  nearer 
the  trains  than  it  did  when  in  its  place ;  so  that  there  is  a  greater 
chance  of  accident  to  the  train  than  when  the  poles  are  on  the 
inside  of  the  curve,  and  would  fall  from  the  metals.  On  branch- 
lines,  where  not  more  than  four  wires  will  be  required,  sixteen 
poles  per  mile,  or  even  fewer,  are  sufficient,  provided  they  can 
be  set  so  far  back  that  if  they  fall  they  shall  clear  the  rails. 
On  roads  the  number  of  poles  is  considerably  greater. 

It  is  better,  if  possible,  to  allow  the  earth  time  to  consolidate 
round  the  poles  before  the  wires  are  fixed,  that  their  strain  may 
not  puU  the  poles  out  of  place. 

245.  The  pressure  of  the  wind  on  the  poles  and  wires  is  very 
great  in  a  gale ;  it  is,  therefore,  desirable  to  erect  the  telegraph 
on  the  lee  side  of  the  railway,  where  it  may  be  sheltered  from 
the  prevailing  winds.   Where  the  line  runs  north  and  south,  the 
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east  side  should  always  be  chosen.  In  cuttings,  where  the 
wires  are  sheltered,  although  the  poles  are  necessarily  set  near 
the  rails,  the  risk  is  much  less  than  on  embankments,  where 
the  wires  are  fully  exposed,  and  where  a  side-wind  will  blow 
them  across  the  line,  sometimes  even  to  a  distance  equal  to 
their  dip  or  "sa^."  When  the  span  is  long,  and  the  wires 
consequently  slack,  the  distance  from  the  rails  must  therefore 
be  correspondingly  greater. 

246.  The  poles  must  always  be  made  to  lean  back  slightly 
against  the  strain  of  the  curves,  and  should  be  stayed  so  as  to 
oppose  the  strain.  On  straight  lines  and  slight  curves,  where 
exposed  to  the  wind,  double  stays,  to  prevent  their  moving 
either  way,  are  required ;  for  if  one  stay  only  is  used,  the  poles 
wiU  spring  back  during  the  luUs  of  a  gale  blowing  from  the 
side  opposite  to  the  stays,  and  the  wires  will  not  only  be  made 
to  swing  into  contact,  but  the  stay  wiU  be  loosened,  or  even 
broken.  On  sharp  curves  the  strain  of  the  wire  acts  as  a  stay 
in  one  direction.  Each  pole  must  be  made  as  stiff  as  possible, 
in  order  to  be  perfectly  secure.  The  earth  must  be  well 
rammed,  especially  at  the  top  and  bottom  of  the  hole ;  and  if 
stones  can  be  obtained,  they  may  be  so  placed  as  to  give  the 
pole  a  firm  thrust  against  the  undisturbed  part  of  the  soil. 

A  peculiar  tool  is  used  in  Spain  for  digging  holes.  A  segment 
of  a  disc  (about  one-sixth)  is  fixed  on  the  end  of  a  staff  six  or 
seven  feet  long,  and  at  right -angles  to  it;  the  disc  has  a  ledge 
or  rim  on  one  side  and  at  the  end.  If  this  tool  is  pressed 
against  loose  earth  and  turned  a  quarter  round,  it  takes  up  a 
portion  which  the  ledge  prevents  from  falling  off.  To  dig  a 
hole  two  men  are  employed,  one  with  the  tool,  the  other  with  a 
crowbar  to  loosen  the  earth.  By  this  method  no  more  earth  is 
removed  than  is  just  enough  to  receive  the  pole,  and  it  is,  in 
consequence,  more  firmly  fixed  than  by  the  ordinary  method. 
It  succeeds  very  well  in  alluvial  soil,  gravel,  or  even  in  clay,  but 
not  at  all  in  peaty  or  sandy  soil.  It  can  be  used  in  a  hole  fiUed 
with  water. 

In  America  the  pick  and  shovel  are  seldom  used.  Holes  are 
dug  with  a  crowbar,  and  a  spoon  shaped  like  a  very  shallow 
funnel. 
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A  boring  tool  has  been  used  with  advantage,  but  its  use  is 
more  laborious  than  that  of  the  spoon  and  bar. 

247,  However  well  rammed,  stays  are  apt  to  draw  and 
become  loose  in  light  soil  When  large  stones  cannot  be  found, 
an  iron  stay-anclior,  or  a  piece  of  an  old  pole,  sound  and  well 
charred,  can  be  used.  And  in  all  cases,  most  especially  in  sand, 
the  hole  should  be  undercut,  so  that  the  stone  or  log  may  have 
a  pull  against  the  solid  undisturbed  earth. 

Wire  stays  are  apt  to  rust  at  the  surface  of  the  ground,  and 
should  therefore  be  well  tarred  or  painted;  an  iron  rod,  pro- 
jecting a  foot  or  two  above  the  soil,  to  which  a  wire  can  be 
fastened,  is  to  be  preferred.  A  few  links  of  chain  may  be 
attached  to  the  stay-wire,  and  the  rod  may  terminate  in  a  hook ; 
this  is  an  easy  method  of  tightening  the  stay.  For  terminal 
poles,  or  poles  having  great  strains,  rods  or  stranded  wire 
should  always  be  used,  or  it  is  very  difficult  to  make  a  stay  of 
several  wires,  in  such  a  maner  as  to  distribute  the  strain  equally 
between  all  the  wires  of  which  it  is  composed.  As  twisted  or 
stranded  wires  expose  a  larger  surface  than  rods,  they  rust  more 
quickly. 

When  a  stay  is  fixed  to  the  top  of  a  pole  on  which  there 
is  much  strain,  the  pole  bends  below  the  stay ;  if  the  stay  is 
fixed  below  the  wire,  the  pole  bends  above.  In  such  cases  the 
stay  should  be  placed  in  the  centre  of  the  strains,  or  it  may  con- 
sist of  two  branches,  one  fixed  above  and  the  other  below  the 
wires,  uniting  into  one  a  few  feet  below  the  lowest  wire. 

248.  In  soft  soil,  and  generally  where  great  strength  is 
required,  struts  are  to  be  preferred  to  stays,  as  they  compress 
instead  of  lifting  the  earth,  which,  after  long-continued  mm, 
becomes  very  soft  and  yielding ;  but  whenever  a  strut  is  used,  it 
must  be  remembered  that  the  strain  of  the  wire  tends  to  bend 
the  pole  below  the  strut — the  point  of  the  latter  acting  as  a 
"  purchase  "  or  fulcrum  ;  and  again,  that  the  stmt  itself  is  liable 
to  bend.  These  inconveniences  are  met  by  tying  or  framing  the 
two  together. 

The  strain  of  the  wires  on  a  terminal  post  tends  to  push  the 
strut  into  the  ground.  A  flat  stone,  or  piece  of  timber,  shoidd 
therefore  be  placed  under  the  foot  of  the  strut,  to  give  it  an  en- 
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larged  bearing.  The  strain  will  also  tend  to  turn  the  pole  upon 
the  fulcrum  formed  by  the  upper  extremity  of  the  strut,  so  as  to 
lift  its  heel  out  of  the  ground.  A  sleeper,  or  log,  well  backed 
up  with  large  stones,  should  therefore  h6  so  placed  as  to  give 
the  pole  a  solid  thrust  against  the  firm  soil. 

249.  Where  neither  stays  nor  struts  can  be  fixed,  two  poles 
may  be  set  side  by  side  and  bolted  together ;  or  they  may  be 
arranged  as  the  letter  A,  a  broad  bearing  against  the  soil  being 
given  by  sleepers  laid  horizontally. 

When  a  large  number  of  wires  are  required,  they  are  carried 
on  two  sets  of  poles,  framed  together  so  as  to  support  one 
another.  There  is,  however,  nothing  special  in  these  methods  of 
construction  which  will  not  be  obvious  to  any  skilled  workman. 

Poles  exposed  to  a  great  strain  may  with  advantage  be 
"  trussed  "  like  a  girder  with  a  rod  or  stranded  wire.  The  strain 
of  the  line-wires  tends  to  render  the  opposite  side  of  the  pole 
convex,  but  it  cannot  bend  without  stretching  the  truss-wire. 
The  truss  should  always  be  fixed  round  the  bottom  of  the  pole, 
for  if  fixed  at  the  ground-line  it  will  give  the  pole  a  tendency 
to  break  off  at  that  point. 

250.  In  deciding  on  the  strength  of  a  line,  it  must  not  be 
forgotten  that  on  very  rare  occasions,  when  the  air  near  the 
ground  is  rather  colder  than  above,  and  when  snow  falls  at  a 
temperature  a  little  above  freezing,  it  adheres  to  the  wires,  and, 
if  the  downfall  continue,  wiU  coat  them  to  a  sufficient  thickness 
to  break  them  and  the  poles.  It  would  seem  that  no  practicable 
strength  of  construction  will  enable  a  line  to  resist  the  combined 
effect  of  a  coating  of  snow  followed  by  a  gale.  In  Holland  the 
mists  freeze  upon  the  wires,  giving  them  a  coating  of  several 
inches  diameter,  which  splits  when  the  sun  breaks  out,  forming, 
as  it  were,  splinters,  which  interlace  and  connect  the  whole  of 
the  wires. 

Where  there  are  heavy  falls  of  snow,  sufficient  room  must  be 
left  between  the  insulator  and  pole  to  prevent  the  snow  lodging 
there,  and  the  supports  should  be  specially  arranged  with  the 
same  object 

251.  Each  pole  should  be  furnished  with  an  earth-wire,  or 
contact-conductor  (219),  which    should  be  put  on   the  pole 
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before  it  is  fixed,  and  be  formed  into  a  flat  coil  attaclied  to  the 
foot  of  the  pole,  so  as  to  expose  as  large  a  surface  as  possible  to 
the  earth. 

It  is  very  important  this  wire  slvovld  make  good  earth.  When 
this  cannot  be  eflfected,  the  conductor  should  be  dispensed  with. 

252.  Wire. — For  ordinary  purposes,  galvanized  iron  wire 
170  mils,  diameter  is  used,  for  short  lines  125  mils.,  and  for  long 
and  important  circuits  240  mils. 

These  gauges  are  very  nearly  the  same  as  those  employed  in 
Fi-ance — 4,  3  and  5  millimetres. 

The  smaller  the  wire,  the  more  care  is  needed  in  insulation, 
for  an  increased  resistance  in  the  wire  virtually  adds  to  the 
length  of  the  circuit.  It  has  been  found  that  with  wires  equal 
in  insulation,  a  circuit  which  vjorks  badly  with  a  170  will  vjork 
v-ell  with  240  mils,  line-wire.  126  wire  rusts  away  very  quickly 
in  smoky  places;  it  is  sometimes  worn  through  by  chafing  at 
insulators,  and  is  apt  to  stretch  at  the  points  of  support  if  the 
spans  are  too  long. 

253.  Wire,  for  general  use,  should  be  soft,  and  capable  of 
stretching  18  to  20  per  cent,  before  breaking.  For  very  long 
spans,  harder  wire,  which  does  not  stretch  so  readily,  is  pre- 
ferred. The  soft  wire  should  be  capable  of  being  bent  at  right 
angles  several  times  backward  and  forward  without  breaking,  so 
that  joints  may  be  made  securely,  and  the  breaking  strain 
should  not  be  lower,  for  170  mils.,  than  1,300  lb.  In  France, 
annealed  charcoal  wire  is  used ;  the  4  millimetres  is  required  to 
stand  a  sudden  strain  of  968  lb.  (440  kilos.),  and  the  three 
millimetres,  550  lb.  (250  kilos.).  It  must  bear  bending  at  right 
angles  in  a  vice,  first  one  way  then  the  other,  four  times ;  and 
must  stand  >vrapping  round  itself.  Charcoal-wire  is  of  a  better 
quality,  and  more  expensive  than  the  wire  generally  used  in 
England. 

The  longer  a  bundle  of  wire  is,  the  better,  provided  it  does 
not  exceed  a  weight  which  is  convenient  to  handle,  112  to 
120  lb.,  because  it  is  desirable  to  have  as  few  joints  as  possible, 
as  they  are  apt  to  cause  contacts. 

When  the  wind  is  high  the  wires  are  blown  together,  and 
if  there  be  no  joint,  or  other  inequality,  by  which  one  may 
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catch  and  cling  to  the  other,  they  fall  apart  again ;  but  where 
there  are  joints  they  hook  themselves  together,  and  remain  in 
contact  until  the  line-man  separates  tliem,  so  that  it  is  desirable 
never  to  make  a  joint  except  within  ten  feet  of  a  pole,  where 
the  wires  cannot  blow  into  contact. 

254.  Common  wire  is  made  in  somewhat  short  lengths,  wliich 
are  welded  together.  The  welds  are  very  often  defective :  weak 
places  are  also  caused  by  dirt  or  cinder  in  the  iron,  and  by 
splits  in  the  rod,  and  it  is  most  desirable  to  find  out  and  remove 
these  causes  of  accident  beforehand ;  for  when  wires  are  broken 
by  contraction  in  frosty  weather,  or  by  a  gale,  the  failures 
always  occur  at  these  weak  places,  or  where  the  wire  has  been 
chafed  by  an  insulator.  The  wire  should  therefore  be  strained 
till  it  stretches  after  it  is  laid  out  on  the  line,  in  order  to  break 
out  the  defects.  This  process  will  also  remove  the  wrinkles  and 
irregularities,  and  not  only  makes  the  wire  look  much  better, 
but  renders  it  less  liable  to  be  set  swinging  by  the  wind,  and, 
should  it  be  put  in  motion,  less  liable  to  catch  and  remain  in 
contact.  If  a  straining  machine  is  not  at  hand,  let  it  be  drawn 
as  tight  as  possible  by  ropes  and  blocks,  and  then  pulled  at  the 
centre  of  its  length  at  right  angles  till  it  stretches.  It  will  be 
found  to  have  lost  its  spring,  and  can  be  so  easily  handled  that 
it  is  technically  said  to  be  killed. 

Permanent  contact  is  sometimes  caused  by  the  clinging 
together  of  the  slight  bends  and  irregularities  which  occur  in 
unstretched  wire ;  these  are  removed  by  the  killing,  and,  indeed 
it  seems  that  killed  wire  is  scarcely  acted  upon  by  the  wind, 
for  it  may  be  seen  con^)aratively  still  when  others  on  the 
same  poles,  which  retain  their  irregularities,  are  swinging  to 
and  fro. 

255.  Great  attention  is  now  paid  to  the  manufacture  of  tele- 
graph wire.  The  best  quality  is  now  drawn  in  lengths  weighing 
80  or  even  120  lb.,  wU?unU  welds,  and  is  killed  or  stretched  about 
2  per  cent  by  the  manufacturers,  by  passing  over  two  drums, 
one  of  which  is  slightly  larger  than  the  other.  It  is  also  made 
to  pass  under  and  over  pulleys  arranged  in  a  zigzag  form,  in 
order  to  open  and  break  any  splits  that  may  exist ;  and  lastly, 
it  is  carefully  tested  for  ductility  and  breaking  strains. 

L  2 
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The  result  of  tests  for  ductility  and  breaking  strain  vary 
very  much  with  the  method  in  which  the  tests  are  made. 

When  a  piece  of  wire  is  clipped  between  two  vices  for  testing, 
the  sharp  edges  of  their  jaws  must  be  rounded  off,  or  they  will 
cut  the  wire  and  cause  it  to  break  close  to  the  vice.  If  the  wire 
is  fastened  to  a  hook  instead  of  to  a  vice,  it  must  clip  the  hook 
closely ;  and  if  a  loop  or  fastening  is  made  by  twisting,  it  will 
certainly  break — it  should  be  bound  like  a  Britannia  joint. 

256.  Two  methods  of  testing  have  been  employed :  in  one  the 
wire  must  bear  a  certain  degree  of  elongation  without  breaking ; 
and  in  the  other  a  certain  number  of  twists  in  a  given  length. 

The  percentage  of  elongation  in  a  given  sample  is  affected, 
(a)  by  the  length  of  the  piece  tested,  and  (b)  by  the  time  occu- 
pied by  the  test. 

257.  (A)  Length. — It  is  impossible  to  manufacture  wire  per- 
fectly uniform  throughout,  and  therefore  the  longer  the  piece 
tested  the  greater  the  chance  of  its  containing  a  portion  of  low 
ductility. 

For  example. — 75  tests  of  a  coil  of  165  mils,  diameter  gave 
the  following  means  : — 

Lengths  of  10  inches  stretched  19*5  per  cent. 
„        120       „  „        12-7 

A  few  tests  of  100  yards         „  60        „ 

Again,  two  samples  elongated  equally  well,  stretching  only 
18  per  cent,  when  tested  in  10-inch  pieces,  although  one  of 
them  was  of  a  quality  much  superior  to  the  other,  judging  by 
the  way  in  which  it  handled  during  erection.  Tested  in  longer 
pieces,  the  results  were — 

No.  1.  No.  2. 

Lengths  of  10  feet  stretched  120     .  .     90  per  cent. 

„  100  yards        „  5  5  4*5        „ 

But  10-inch  lengths  „        IS'O     .  .  18*0 

Here  the  testing  longer  pieces  brought  out  clearly  their  relative 
qualities,  which  under  the  first  test  appeared  identical 

But  it  is  obviously  impossible  to  test  so  long  lengths  as  100 
yards,  or  even  100  feet.    Ten  feet  give   trustworthy  results, 
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and  100  or  even  50  inches  will  probably  bring  out  those  quali- 
ties which  render  a  wire  easy  to  handle  during  erection,  and  free 
from  danger  of  breaking  after  erection :  a  10-inch  test  is  not 
trustworthy,  except  when  made  by  very  experienced  persons.^ 

When  tested  in  lengths  of  10  feet  or  more,  wire  frequently 
remains  ductile,  except  immediately  on  either  side  a  break,  and 
will  afterwards  bear  a  higher  strain  in  10-inch  pieces. 

258.  (B,)  Time, — The  percentage  of  elongation  before  breaking 
is  (roughly)  inversely  as  the  time  occupied  by  the  test    Thus — 

when  Time  was  as    100  —  173  —  311. 

Elongation  „  178  —  154  —  138. 
When  the  test  is  made  rapidly,  as  by  a  hydraulic  stretching 
apparatus,  the  wire  seems  not  to  have  tim^  to  break  before  it 
stretches,  it  may  be  that  heat  is  developed  by  the  strain,  so  as 
to  soften  the  wire.  When  the  test  is  made  by  direct  weight,  the 
sample  will  bear  a  heavier  strain,  if  the  weight  is  added  gradually 
than  if  it  is  increased  quickly.  The  wire  breaks  more  readily  if 
it  is  not  allowed  to  complete  the  elongation  due  to  each  succes- 
sive addition  before  the  weight  is  increased. 

259.  The  following  are  the  means  and  extremes  of  27  different 
samples  tested  in  10-in.  lengths  by  the  hydraulic  apparatiis: — 


170  Mils. 

1-25  MiU. 

Means. 

Eztromes. 

Means. 

Extremes. 

Diameter  before  testing    . 

, ,        after  having  been  broken  . 

Percentage  of  stretch  before  breaking 

'Strain  required  to  vtretch  the  wire  . 

Breaking  strain 

0-161  in. 

0140  in. 

SO 

672  lb. 

1318  lb. 

0147  to  0153  in'. 

OlSe  to  0-144  in. 

10  to  25 

600  to  760  lb. 

1250  to  1440  lb. 

0-115  in. 

0-106  in. 

20 

506  lb. 

7761b. 

01 12  to  0120  in. 

0100  to  0  117  in. 

19  to  25 

400  to  600  lb. 

740  to  850  lb. 

*  It  seems  to  be  difflcult  to  ascertain  the  precise  moment  at  ivhich  elongation  commences. 

The  following  are  means  of  ten  tests  of  wire  of  the  same 
quality  and  from  the  same  makers,  tested  in  lengths  of  33^ 
inches  by  scale  and  weight,  adding  56  lb.  at  a  time,  gently  and 
without  jerk,  and  waiting  until  the  wire  had  ceased  to  stretch 


^  It  is  not  doubted  that  a  lO-inch  test  has  been  valuable,  but  the  object  in 
devising  a  test  is  to  make  it,  as  far  as  may  be  possible,  independent  of  experience 
in  the  observer — such  a  test,  in  fact,  ss  any  intelligent  man  can  apply. 
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before  adding  more  weight  These  results  are  probably  affected 
by  the  difference  in  the  length  tested : — 

Percentiige  of  stretch  before  breaking 11*2 

Strain  required  to  stretch  the  wire 904  lb. 

Breaking  strain 1,182  lb. 

260.  The  twist  test  is  not  so  much  affected  by  time,  it  is 
independent  of  length  ;  the  means  of  100  trials  in  each  of  two 
different  machines  are : — 

Speed 100    .    .     250 

Number  of  twists   .    .    .     140     .     .     14 3 

This  test  is  made  by  gripping  6  inches  between  two  vices  and 
twisting  it.  The  number  of  twists  is  shown  by  the  spiral 
formed  by  a  line  drawn  with  ink  along  the  wire  before  the  trial. 

261.  The  best  qualities  of  wire,  charcoal  and  "homogeneous" 
metal,  bear  the  twist  better  than  the  elongation  test. 

Thus,  comparing  wire  of  similar  gauge,  100  mils — 

Ordinary  wire — Elongation,  17*4  per  cent — Twists,  in  6in.,  12 
Charcoal  „  17*0        „  „  18 

And  again — 

Ordinary  234  mils     Elongation,  17*6  per  cent    Twists,  10 

Homogeneous    253   „  „        17*6      „  Twists,  13 

The  number  of  twists  wires  of  the  same  quality  will  bear 
is  (roughly)  inversely  as  their  diameter.  A  wire  of  253 
mils  bore  13  turns  in  6  inches,  this  being  an  average  of  a 
large  number  of  triala  The  number  of  twists  was  calculated 
for  other  gauges,  and  compared  with  the.  results  of  experiment 


1 

Diameter. 

1 

Total  Kamber  of  Tarns. 

Mil«. 

Actanl. 

Calculated. 

253 

207 

146 

77 

130 
15-2 
24*9 

38-7 

18-0 
15-9 
22-5 
42-7 

1 
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262.  Galvanized^  wire  must  always  be  used  for  permanent 
work,  no  system  of  painting  or  varnishing  the  iron  itself  having 
been  found  to  answer  as  well. 

The  French  test  the  thickness  of  the  zinc  coating  by  dipping 
the  wire  in  a  solution  of  copper  sulphate.  The  process  is 
this  :  Dissolve  one  pound  of  copper  sulphate  in  five  pounds  of 
water;  plunge  the  wire  into  the  solution;  let  it  remain  one 
minute,  and  then  wipe  it  clean ;  repeat  this  process  four  times. 
If  the  wire  appears  black  after  the  fourth  immersion,  it  shows 
that  the  zinc  has  not  been  all  removed,  and  that  the  galvanizing 
was  well  performed ;  but  if  it  has  a  copper  colour  the  iron  has 
been  exposed,  proving  that  the  zinc  was  too  thin.  The  reason 
is  that  the  acid  of  the  sulphate  leaves  the  copper  for  the  zinc 
dissolves  it,  and  leaves  a  black  deposit  of  copper  upon  the  wire ; 
but  when  the  zinc  has  been  entirely  dissolved  away,  and  the 
copper  is  deposited  .on  the  iron,  it  bears  its  natural  hue,  just  as 
when  a  knife  is  dipped  into  sulphate  of  copper. 

263.  Galvanizing  does  not  seem  materially  to  alter  the  break- 
ing strain,  but  it  has  a  decided  effect  upon  the  capacity  of 
stretching.     It  slightly  hardens  the  metal. 


Obdivabt  Wxbb. 

170  Mils. 

^fean 

breaking 

strain. 

IMoan  percentage 

of  Stret<'h 
before  breoking. 

No.  1  Sample. 

Before  galvaniuDg 

After          „              

No.  2  Sample. 

Before  galvanizing 

After         „              

No.  3  Sample. 

Before  galvanizing 

After         „              

11,3811). 
1,169  lb. 

1,090  lb. 
1,194  lb. 

1,107  lb. 
1,125  lb. 

18-75 
12-88 

19-39 
13  09 

20-66 
17-58; 

264.  The  zinc  coating  appears  little  the  worse  after  twenty 


*  Galvanizing  simply  means  coating  with  zinc  The  term  is  apt  to  mislead, 
and  it  would  be  far  better  to  nae  tbe  word  •*  zincing,"  for  we  call  coating  with  tin, 
by  an  analogous  process,  tinning. 
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years'  use,  except  in  toMms,  in  the  vicinity  of  the  sea,  and  where 
it  is  exposed  to  the  steam  and  smoke  from  locomotives,  as  in 
tunnels,  deep  cuttings,  and  stations.  In  some  places,  wire  of 
170  mils  will  not  last  more  than  four  years.  So  rapid  is  the 
corrosion  in  manufacturing  towns,  that  it  is  useless  employing 
a  smaller  size  than  170  mils,  unless  it  be  specially  protected. 

265.  Paint,  or  even  gas-tar,  protects  gidvanized  wire  where 
it  adheres,  but  it  cannot  be  applied  in  the  manufactory  so  as  not 
to  be  liable  to  be  rubbed  off  here  and  there ;  and  as  no  chain  is 
stronger  than  its  weakest  point,  so  a  wire  which  has  rusted  in 
spots  where  the  paint  has  failed,  might  almost,  if  not  qidte 
as  well,  not  have  been  pcdnted  at  all 

It  is  a  most  expensive  and  tedious  process  to  paint  the  wire 
after  it  has  been  fixed,  but  it  is  easily  done  during  erection 
where  the  wire  can  be  stretched  along  the  lower  part  of  the 
poles  so  as  to  be  reached  from  the  ground.  Even  if  the  work  is 
done  well,  the  paint  is  apt  to  be  removed  at  the  points  of  sup- 
port, leaving  the  wire  unprotected  just  at  the  very  point  where 
its  full  strength  is  most  needed.  Moreover,  metal  can  only  be 
effectually  painted  in  dry  weather  when  it  is  perfectly  free  from 
damp,  and  it  is  almost  impossible  to  secure  sufficient  care  in 
this  respect  from  the  workmen.  The  only  plan  which  has  really 
succeeded  is  that  of  running  the  wire  through  a  paint  or  bitu- 
mens preparation,  and  immediately  spinning  around  it  cotton  or 
hemp  well  saturated  with  the  same  compound.  The  fibre  pro- 
tects the  coat  of  paint  from  abrasion,  and  at  the  same  time 
causes  it  to  adhere  to  the  wire. 

It  is  perfectly  useless  to  attempt  to  stay  the  progress  of  rust 
after  it  has  once  commenced ;  for,  however  carefully  the  wire 
may  be  cleaned,  the  rust  forms  again  under  the  paint  and 
thrusts  it  off.  If  a  speck  of  rust  is  seen  on  the  tubes  of  the 
Britannia  Bridge  at  Bangor,  it  is  carefully  chipped  off  with  a 
cold  chisel  before  it  is  re-painted. 

When  coated  wire  is  used,  it  is  necessary  to  wrap  it  with  felt 
or  metal  at  the  points  where  it  is  fastened  to  the  insiU&tors. 
Thin  lead  (although  certainly  a  dangerous  metal  for  the  purpose, 
because  it  sets  up  galvanic  action)  has  proved  effectual  for  many 
years,  but  the  hemp  with  which  the  wire  was  covered  in  this 
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case  was  carefully  re-tarred  before  the  lead  was  wrapped  round 
the  wire.  If  any  damaged  places  are  seen  after  the  wire  is  up, 
they  must  be  carefully  repaired,  or  the  entire  outlay  will  have 
been  thrown  away. 

266.  The  lowest  wire  should  be  out  of  reach  from  the  ground. 
The  lighter  wires  should,  as  far  as  possible,  be  placed  above  the 
heavier  ones,  so  as  to  give  greater  stability  to  the  poles ;  and  for 
the  sanie  reason,  where  arms  are  used,  some  of  which  carry  two 
wires,  and  some  four,  the  latter  should.be  placed  below.  If 
wires  of  different  gauges  are  fixed  on  the  same  poles,  they  are 
very  much  more  apt  to  get  into  corUact  than  wires  of  equal  size, 
because  they  do  not  keep  time  with  one  another  in  swinging  to 
and  fro. 

267.  Wires  are  more  apt  to  get  into  contact  in  the  vertical 
than  in  the  horizontal  direction ;  hence  there  is  an  advantage 
in  using  arms  differing  about  a  foot  in  length, 
placed  alternately.  This  arrangement  has 
the  advantage,  also,  that  if  a  wire  break  from 
its  support,  it  will  generally  fall  clear  of  the 
one  under  it. 

Fig.  60  shows  the  arrangement  adopted 
in  the  postal  telegraphs.  The  arms  are  al- 
ternately 24  and  33  inches  long;  the  longer 
arm  is  frequently  placed  uppermost. 

To  give  greater  distance  between  wires, 
they  should,  when  fixed  each  on  a  separate 
support,  as  a  bracket,  be  placed  alternately, 
not  oppositely.  The  distance  should  increase 
with  the  span,  and  cannot  be  too  great  where 
there  is  sufficient  room  on  the  poles,  for  wires 
17  inches  apart  are  sometimes  blown  together 
in  storms,  even  when  tightly  strained. 

268.  Where  20  poles  are  used  to  the  mile, 
the  distance  should  be  not  less  than  about 
12  inches  vertically,  and  16  inches  hori- 
zontally, so  as  to  clear  the  poles  well  It  is  better,  as  a  rule, 
never  to  place  more  than  two  on  an  arm ;  because,  when  it 
carries   more,  it  is  more*  difficult  to  see  faults  and  to  repair 


Fio.  60. 
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damages,  especially  to  lift  poles  when  blown  down  or  broken. 
Snow  also  will  more  easily  adhere,  so  as  to  cause  a  leakage  from 
wire  to  wire. 

It  does  not  appear  that  the  wires  blow  into  contact  much 
more  frequently  in  long  spans  than  in  short  ones,  provided  they 
are  uniform  in  weight,  tension,  and  distance.  When  they  are 
properly  "  regulated,"  and  all  is  symmetrical,  they  keep  time 
one  with  another  in  their  oscillations,  but  under  other  conditions 
they  move  occasionally  in  opposite  or  reverse  directions,  and  in 
consequence  meet.  It  is  not  desirable,  therefore,  to  hang  wires 
of  different  gauges  side  by  side. 

But  long  spans  add  to  the  causes  of  accident  for  another 
reason. 

269.  Wire  is  at  all  times  apt  to  rub  or  wear  because  of  the 
friction  caused  by  the  wind  at  its  supports,  unless  they  are  very 
hard  and  smooth,  or  it  is  very  firmly  fixed  either  by  binding  or 
by  its  tension.  It  wears  more  upon  a  straight  line  than  on  a 
curve,  and  more  when  slack  ihan  when  tight.  Some  wire 
which  has  been  supported  on  brown-ware  double  cones  (which 
are  very  hard  and  smooth)  on  poles  set  30  to  the  mile,  is  not 
worn  in  the  least  degree,  although  much  of  it  has  been  up 
twepty-four  years,  and  runs  freely  through  them.  In  other 
cases,  on  long  spans,  and  especially  where  wires  pass  freely 
over  soft  porcelain,  the  wear  has  been  extremely  great  Even 
so  heavy  a  wire  as  240  mils  has  chafed  on  spans  over  100 
yards.  125  mils  so  frequently  breaks  that  it  has  been  neces- 
sary to  protect  it  at  the  supports  by  wrapping  it  with  binding 
wire. 

On  very  long  spans  it  is  necessary  to  shackle  off  each  length 
so  as  to  transfer  the  centre  of  motion  to  the  bolt  of  the  insu- 
lator, and  allow  the  wire  to  swing  freely.  The  '*  lugs "  or 
projections  of  iron  caps  sometimes  injure  the  wire  by  notching 
it,  as  well  as  by  friction.  Iron  hooks  are  very  objectionable. 
The  wire  should  always  be  very  tightly  bound  to  the  insulator 
so  as  to  reduce  the  friction  to  a  minimum;  and  it  must  be 
recollected  that  as  soon  as  the  zinc  is  worn  off,  galvanic  action 
may  be  set  up  so  as  to  corrode  the  iron. 

Wlien  the  position  of  the  poles  is  altered,  as  when  a  line  is 
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reset,  the  wire  must  be  carefully  examined,  the  worn  places  cut 
out,  or,  if  the  wear  is  slight,  wrapped  with  binding  wire. 

270.  On  the  older  lines  the  wires  were  allowed  to  pass  freely 
through  the  insulators,  and  were  strained  by  a  drum  and  ratchet 
at  each  half-mile.  This  method  has  been  abandoned  in  favour 
of  binding  to  every  pole,  because  under  the  old  method  a 
broken  wire  runs  down  half  a  mile  in  every  case,  but  on  a 
properly  bound  line  seldom  more  than  100  or  200  yards,  and 
because  the  older  form  of  insulator  is  necessarily  bad,  leakage 
occurring  in  two  directions  instead  of  one. 

65  mils  charcoal  wire  is  the  best  for  binding :  when  the  line- 
wire  is  thick — 240  mils  for  instance — and  requires  to  be  veiy 
firmly  fixed,  the  binding  should  be  doubled,  for  a  thicker 
binding-wire  cannot  be  applied  so  effectively. 

In  binding,  the  turns  of  wire  should  be  made  always  in  the 
same  direction,  or  they  will  not  be  firm ;  the  main  wire  is 
twisted  somewhat  in  the  process,  and  when  it  recovers  its 
normal  position  it  will  slacken  one  side  of  the  binding  if  the 
turns  are  in  opposite  directions. 

The  binding  stretches,  and  requires  occasional  renewal.  Tlie 
old  pieces  must  not  be  allowed  to  remain  on  the  main  wire,  for 
if  they  become  loose  they  will  cut  it  by  being  spun  round  and 
round  by  the  wind.  They  cause  a  peculiar  rattling  noise,  and 
can  be  detected  by  it. 

271.  The  distance  through  which  a  broken  wire  will  run  down 
depends  very  much  upon  the  way  in  which  it  is  bound,  as  is 
well  shown  by  the  following  experiment : — 

(1.)  On  a  line  of  24  poles  to  the  mile,  a  wire  of  240 
mils  was  bound  with  a  single  wire  of  65  mils  at  each  insu- 
lator, and  securely  soldered,  so  that  it  could  not  slip,  and  was 
then  filed  through  in  the  centre  of  its  length.  It  tore  itself  from 
the  fastenings  throughout  the  entire  distance. 

(2.)  Next  it  was  bound  as  before,  but  BoUered  at  every  fourtJi 
pole ;  it  then  broke  away  from  20  poles  only.  Here  the  un- 
soldered bindings  allowed  it  to  slip  a  little,  and  thus  eased 
the  strain. 

(3.)  Thirdly,  it  was  bound  doubly  strong,  but  not  soldered ;  the 
first  binding  stretched  a  little,  and  all  the  arms  were  strained, 
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but  it  did  not  tear  itself  away  from  a  single  pole.  The  wire, 
therefore,  should  be  so  bound  as  to  slip  a  very  little  at  each 
support,  and  thus  prevent  the  sudden  jerk. 

272.  The  top  of  a  pole  is  the  best  position  for  an  important 
circuit  The  saddle  which  holds  the  insulator  must  be  fixed 
with  screws,  as  nails  split  the  wood  when  driven  at  the  end  of  a 
pole,  and  will  not  bear  a  strain.  If  the  pole  is  creosoted,  screws 
are  also  needed  for  brackets  when  the  strain  is  great,  as  nails 
will  draw  out  of  the  wood. 

273.  When  boucherised  (coppered)  timber  is  used,  all  nails, 
screws,  and  bolts  must  be  galvanized.  It  is  better  also  to  dip 
them  in  tar  before  fixing  them.  The  threads  of  all  bolts  should 
be  greased. 

274  The  same  circwU  should  always,  as  far  as  possible, 
occupy  the  same  place  on  the  poles,  so  that  it  may  be  readily 
identified.  Wires  are  generally  known  by  numbers :  that  on 
the  top  of  the  pole  is  called  number  rumgM  ;  the  upper  one  on 
the  side  next  the  road  or  railway,  rnvmber  one  ;  the  corresponding 
wire  on  the  back  of  the  pole,  nurnber  tvH> ;  and  so  on.  On  a 
railway,  when  the  wires  cross  the  line,  it  is  veiy  convenient  to 
arrange  them  so  that  the  same  order  is  continued,  nurnher  one 
being  always  the  top  wire  next  the  rails  or  road.  But  this  cannot 
always  be  done,  and  number  one  is  sometimes  the  wire  to  the 
right  hand  when  one  faces  the  up,  or  principal  station. 

276.  When  it  is  impossible  to  carry  the  wire  free  from  the 
branches  or  leaves  of  trees,  it  is  sometimes  covered  with  larred 
tape  or  percha  tubing,  as  a  partial  insulator,  to  prevent  in  some 
degree  loss  of  current 

276.  Short  pieces  of  wire  must  never  be  left  lying  about,  but 
shoidd  be  collected,  or  placed  where  they  cannot  be  found  by 
passers-by,  as  persons  very  frequently  cause  interruptions  to 
signalling  by  throwing  them  upon  the  line-wires. 

277.  Thick  wires  should  never  be  used  in  crossing  a  line  of 
railway.  If  a  stay  give  way,  or  anything  occur  to  lower  a  wire, 
it  will  be  caught  by  the  train,  and,  being  too  strong  to  be  readily 
broken,  will  allow  the  engine  to  drag  down  a  considerable 
length  of  the  telegraph.  If  a  thin  wire  be  used,  the  engine 
will  snap  it,  and  no  great  harm  wiU  ensua 
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278.  Stranded  wire  has  been  extensively  nsed  for  long  spans  ; 
but  it  rusts  much  more  rapidly  than  solid  wire,  owing  to  its 
larger  surface,  and  gives  way  very  rapidly  where  exposed  to 
smoke :  steel,  or  the  so-called  homogeneous  iron,  is  to  be  pre- 
ferred when  the  span  is  too  long  for  ordinary  wire. 

279.  The  weight  of  a  suspended  wire  causes  it  to  hang  in  a 
curve,  or  to  dip.  The  more  it  is  tightened  the  less  it  dips,  so 
that  its  tension  or  strain  is  proportional  to  its  dip.  The  weight 
of  the  wire  in  the  span,  or  the  dead  weight  on  the  poles, 
depends  on  its  size  and  length.  For  a  line  of  20  poles  to  the 
mile,  where  the  spans  are  88  yards,  the  ordinary  dip  is  about 
18  inches  in  mild  weather,  which  gives,  for  170  mils  wire  a 
tension  or  force  tending  to  break  t?te  wire,  of  420  lb.,  the 
breaking  strain  of  the  wire  being  1,300  lb. 

The  tensions  of  two  wires  of  different  gauge,  the  span  and 
dip  being  the  same  for  each,  vary  as  the  squares  of  their 
diameters.  Thus,  if  the  tension  of  a  span  of  125  mils  wire 
be,  say  90  lb.,  the  tension  of  a  similar  span  of  170  mils  will  be 
160  lb.,  because  the  diameters  of  the  wires  are  as  3  to  4,  the 
squares  of  which  numbers  are  9  and  16. 

280.  If  it  be  required  to  increase  the  difference  between  the 
supports,  or  to  increase  the  span,  and  yet  to  preserve  the  same 
tension  in  the  wire,  the  dip  must  be  increased  as  the  square  of 
the  number  of  times  the  distance  or  span  is  increased.  Thus, 
if  for  a  span  of  100  yards  the  dip  be  1,  foot,  for  double  the 
distance,  200  yards,  the  dip  will  be  2  x  2  =  4  feet  \  for  three 
times  the  distance,  3  x  3  »  9  feet,  and  so  on. 

The  mathematical  formula  is : — 

S^  '.  i^  :  \  D  \  d, 

where  S  is  the  original  span,  s  the  proposed  span,  D  the 
original  dip,  and  d  the  dip  required  by  the  increased  span  to 
preserve  the  same  strain  or  tension. 

Thus  100*  :  200*  :  :  1  :  4, 
and  100«  :  300«  :  :  1  :  9. 

From  this  formula,  which  is  sufficiently  correct  for  all  prac- 
tical purposes,  may  be  ascertained,  not  only  the  dip  of  any 
proposed  span,  but  the  span  of  any  proposed  dip. 
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Thus,  suppose  we  have  30-feet  poles,  and  wish  to  learu  tlie 

greatest  distance  at  which  they  can  be  placed  apart  so  as  to 

keep  the  wires  10  feet  from  the  ground,  and  to  preserve  the 

sti-ain  equal  to  that  given  by  a  dip  of  one  foot  in  100  yards, 

we  have — 

1002  :  s2  .  .  1  .  20, 

because  we  have  sufficient  height  to.  allow  a  dip  of  20  feet. 
Multiplying  together  the  two  extreme  terms  of  our  proportion 
and  the  two  means — 

100'  X  20  =  g*  X  1 
and  «  =  J  200,000  =  447  yards  nearly. 

281.  The  span  being  the  same,  the  dip  will  vary  inversely  as  the 
tension.  If  with  a  strain  of  200  lb.  it  dips  30  inches,  with  a 
strain  of  300  lb.  it  will  dip  20  inches,  and  with  400  lb.  15  inches. 

282.  The  tension  is  not  the  same  at  all  points  of  the  curve. 
It  decreases  from  the  supports  downwards,  and  is  least  at  the 
lowest  point ;  but  in  lengths  under  150  yards  the  difference 
is  small. 

When  both  supports  are  the  same  height,  the  lower  part  of 
the  curve  is  in  the  centre  of  the  span ;  when  one  is  higher  than 
the  other,  the  lowest  part  is  nearer  the  lower  support,  so  that 
the  greater  part  of  the  weight  of  the  wire  is  borne  by  the  higher 
pole.  In  calculating  the  strain,  the  wire  should  be  considered 
as  if  prolonged  beyond  the  lower  support  to  a  point  equal  in 
height  to  the  upper  one;  and  the  strain  will  be  proportional  to 
the  length  thus  increased,  or  to  twice  the  distance  from  the 
top  to  the  bottom  of  the  dip.  It  is  desirable,  therefore,  that  the 
two  ends  of  a  long  span  should  be  fixed  as  nearly  as  possible 
at  equal  heights. 

283.  When  the  tension  at  the  lowest  point  of  the  curve  is 
known,  that  at  any  other  point  may  be  ascertained  by  adding 
the  weight  of  a  piece  of  the  same  wire,  whose  length  is  equal  to 
the  difTerence  in  level  of  the  two  points.  Thus,  the  greater  the 
tension  and  the  smaller  the  dip,  the  less  will  be  the  difference 
of  tension  at  different  points. 

If  it  were  possible  to  pull  the  wire  up  perfectly  straight,  the 
tension  would  be  equal  in  all  parts. 
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284.  As  the  tension  is  least  at  the  lowest  point  of  the  curve, 
a  wire  is  more  likely  to  break  at  or  near  its  supports,  than  in 
tlie  centre  of  the  span  ;  and  the  centre  of  a  very  long  span  may 
with  advantage  be  made  of  lighter  wire  than  the  ends ;  for  then 
the  ends  will  not  have  so  much  weight  to  support,  while  the 
centre  will  be  strong  enough  to  resist  the  tension  at  the  lowest 
point. 

285.  The  weight  of  a  wire  increases  with  its  strength  (the 
quality  being  the  same);  the  advantage,  then,  in  using  thin 
wire  for  large  spans  is,  that  the  supports  have  less  weight 
to  carry. 

286.  The  greater  the  dip,  the  greater  the  weight  of  wire  to  be 
support-ed,  so  that  there  is  a  point  beyond  which  the  dip  cannot 
be  increased  with  advantage ;  because  the  tension  arising  from 
the  weight  will  increase  more  rapidly  than  that  due  to  tightness 
will  diminish. 

For  a  distance  of  1,000  yards,  with  a  wire  of  170  mils,  the 
supports  being  on  the  same  level,  the  strains  will  be  nearly  as 
follows,  as  given  by  Blavier : — 

Dip. 

186  yards 
218     „ 
271     „ 
353    „ 
S16     „ 

So  that,  with  a  span  of  1,000  yards,  and  a  dip  of  353  yards, 
the  strain  at  the  supports  will  be  the  least  possible,  while  with 
a  dip  of  516  yards  it  will  be  as  great  as  with  a  dip  of  only 
218  yards. 

But  in  practice  the  dip  cannot  be  made  as  large  as  those  in 
the  table,  so  that  the  practical  rule  for  long  spans  is,  make  the 
supports  as  nearly  equal  in  height  as  possible,  and  the  dip  as 
large  as  you  can. 

287.  As  metals  expand  and  contract  with  the  variations  of 
temperature,  wires  put  up  in  the  summer  must  be  strained  less 
tightly  than  if  fixed  in  winter,  or  their  contraction  in  frost  will 


Proportional  strain 
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break  them ;  and  if  put  up  too  slack  in  winter,  they  will  be 
liable  to  get  in  contact  in  summer. 

Although  the  strength  of  a  wire  increases  in  proportion  to  its 
size,  yet  a  thick  wire  will  be  as  liable  as  a  thin  one  to  be  broken 
by  frost ;  for  a  thick  wire  will  obviously  exert  more  force  in 
contracting  than  a  thin  one,  and  will  be  more  likely  to  tear 
down  its  supports  if  strained  too  tight. 

Whatever  the  gauge  of  the  wire,  it  will  always  take  the  same 
sag  for  the  same  span ;  and,  therefore,  if  upon  one  line  of  poles 
one  wire  has  been  properly  strained  with  the  recognized  tension, 
every  additional  wire  which  may  be  added  will  be  properly 
strained  if  it  is  properly  regulated. 

288.  A  wire  should  never  remain  tightened  up  to  more  than 
one-third  of  its  breaking  strain.  There  is  a  great  tendency  to 
err  in  straining  too  tightly;  it  must  be  borne  in  mind  that, 
however  carefully  wire  may  be  manufactured,  flaws  cannot  be 
entirely  prevented,  nor  can  they  be  thoroughly  removed  by 
kUliTig, 

The  shorter  the  span,  the  grealer  comparatively  is  the  effect 
of  contraction  by  cold,  and  more  wires  are  broken  by  frost  in 
short  than  in  long  spans,  when  the  tension  of  the  wire  is  the 
same  in  each. 

289.  Iron  expands  YrkTv  ^^  ^^  length ;  or  about  4^  inches 
per  mile  for  every  ten  degrees  of  heat ;  so  that  between  winter 
and  summer,  or  32°  and  62°,  there  wiU  be  on  a  line  of  20  poles 
to  the  mile  a  difference  of  length  in  each  span  of  wire  of  nearly 
seven-tenths  of  an  inchi 

When  there  are  twenty  poles  to  the  mile,  and  170  mils  wire 
is  used,  a  dip  of  14  inches  is  equivalent  to  a  strain  of  about 
540  lb.  or  nearly  half  the  breaking  strain.  Now,  by  experiment 
it  has  been  ascertained  that  between  54?"  F.  and  25*  F.  the 
difference  in  dip  is  three  inches  ;  so  that  if  a  wire  is  pulled  up 
in  mild  weather  to  a  dip  of  14  inches,  it  will  take  at  25**  a 
strain  of  about  700  lb.  the  equivalent  of  a  dip  of  11  inches,  and 
if  at  all  faulty  it  will  break. 

290.  Joints. — There  is  nothing  more  important  than  the 
perfect  continuity  of  a  circuit,  and  this  can  only  be  attained 
when  every  connection  or  joint  is  well  soldered. 
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ISo  joint  is  aecara  as  regards  conducting  power,  unless  it  is 
soldered,  however  tightly  the  wires  may  be  twisted  together.  It 
is  not  even  sufficient  to  clean  the  ends  ftod  cast  an  ingot  of 
metal  over  them,  as  has  sometimes  been  '  done.  The  same 
remark  applies  to  every  connection  exposed  to  damp,  whether  a 
binding  screw,  or  a  pair  of  tinned  copper  plates  tightly  screwed 
together,  as  in  a  line-testing  box  or  at  a  tonnel-end.  Electro- 
lysis, and  therefore  corrosion,  invariably  occurs  if  moisture  be 
present,  and  the  joint  ceases  to  conduct. 

A  very  useful  pocket  soldering  stove  has  been  lately  patented. 
It  is  a  copper  box,  about  4  inches  long  and  2  deep,  with  holes 
for  the  admission  of  air,  having  a  hollow  on  the  upper  side  ' 
large  enough  to  contain  sufficient  solder  for  a  joint.  The  box  is 
fitted  with  a  wood  handle.  The  fuel  is  charcoal,  prepared  so 
as  to  light  readily  and  bum  steadily. 

291.  A  twisted  joint  is  apt  to  break  ftom  the  hardening  of 
the  wire  in  twisting.  The  so-called  "Britannia"  joint  is  the 
strongest  and  best  (Fig.  59). 


It  is  made  by  slightly  bending  up  the  ends  of  the  two  wires, 
laying  them  side  by  side,  binding  them  tightly  together  with 
wire  of  65  mils,  and  well  soldering  the  whole.  Tlie  bent  ends 
should  be  cut  off  clou,  to  prevent  the  formation  of  wind-contacts ; 
for  when  wires  are  blown  ti^ther  they  are  frequently  hooked 
permanently  by  such  projections.  Joints,  even  when  well  made 
are  open  to  the  same  objection. 

In  "  terminating  "  a  wire  it  should  never  be  twisted,  or  it  will 
break.    It  mnet  be  wrapped  once  round  the  insulator,  and  bound 
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as  shown  in  the  illnstration  (Fig.  60).    The  binding-wire  need 
not  be  soldered. 

292.  Chloride  of  zinc  (or  "^  spirits  of  salts  killed  with  zinc  "), 
with  a  little  free  muriatic  acid  added  to  clean  the  wire,  is  the  best 
solution  for  soldering.  The  rain  quickly  clears  away  the  excess 
of  chloride;  but  when  copper  and  iron  wires  are  connected,  it 
is  better  to  wash  off  the  chloride  of  zinc,  and  to  smear  the  joint 
with  paint  or  rosin,  or  even  to  solder  with  rosin  only,  especially 
in  a  smoky  place,  to  prevent  local  action  between  the  metals. 

Joints  in  hard  wire  must  be  soldered  at  as  low  a  heat  as 
possible,  so  as  not  to  soften  the  iron,  or  it  will  stretch  and 
break  where  softened,  if  the  strain  is  considerable. 

293.  The  noise  caused  when  the  wires  are  set  in  vibration  by 
the  wind  is  sometimes  veiy  annoying,  particularly  when  a  pole 
or  standard  is  fastened  to  a  wooden  house.  To  prevent  it,  the 
insulators  are  sometimes  wrapped  with  vulcanized  rubber,  or  the 
wire  itself  is  first  enclosed  in  a  vulcanized  tube,  and  then 
wrapped  with  lead  wire  about  a  pound  in  weight  Strips  of 
wood  about  18  x  IJ  x  1  inches,  grooved  slightly  to  fit  the  wire, 
may  be  placed  on  each  side  and  screwed  together  so  as  to  hold 
it  firmly.  The  object  in  each  case  is  to  prevent  the  vibmtion, 
and  the  proper  distance  of  the  damper  from  the  support  must  be 
found  by  trial  A  short  chain,  placed  between  the  wire  and 
insulators,  is  said  to  have  the  same  effect  Strand  wire  is  far 
less  noisy  than  solid. 

294  Insulators. — The  surface  in  contact  with  the  wire 
should  be  as  small  as  possible,  so  as  to  diminish  the  leakage. 
The  wire  sometimes  lies  on  a  knife-edge  without  being  bound  to 
the  insulator :  this  secures  the  greatest  possible  insulation,  other 
things  being  equal.  But  when  a  wire  passes  fireely  over  the 
insulator,  the  constant  vibration  causes  it  to  cut  the  porcelain 
or  be  worn  away  itself,  especially  in  sandy  districts.  It  should 
therefore  be  hound  very  securely  to  its  supports,  for  loose  binding 
does  not  stop  the  wearing  action.     (269.) 

For  fixing  bolts  into  insulators,  plaster  of  Paris  mixed  with  a 
little  liquid  glue  to  prevent  its  setting  too  quickly,  or  Uack 
cement,  composed  of  1  part  of  rosin,  2  of  tftind,  and  1  of  smiths' 
ashes,  is  used. 
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Sulphur,  in  other  respects  the  best  of  all  cements,  splits  the 
insulators,  apparently  by  expansion.  It  was  expected  that  the 
splitting  would  be  prevented,  if  the  iron  were  perfectly  pro- 
tected from  the  sulphur,  as  when  the  bolts  are  covered  with 
ebonite ;  but  it  is  not  so.  Oxide  of  iron  mixed  with  the  sulphur 
is  said  to  render  it  safe,  but  it  is  not  necessary  to  employ 
sulphur  at  alL 

296.  Where  the  porcelain  is  exposed  to  injury  from  stone- 
throwing,  the  insulator  is  covered  with  an  iron  cap,  but  this 
covering  shoiQd  be  employed  as  sparingly  as  possible,  as  it 
prevents  the  rain  washing  the  outer  surface.  Caps  cast  with 
openings  to  admit  rain  have  recently  been  introduced,  and  will 
probably  be  found  better  than  if  solid. 

296.  For  terminating  wires,  the  insulators  should  be  so  fixed 
that,  they  will  take  a  direct  strain.  Shackles  are  to  be  preferred 
to  insulators  fixed  upon  a  pin,  for  as  the  iron  pin  passes  through 
the  insulator  of  the  shackle,  should  the  earthenware  break,  the 


rf^    , 
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wire  will  not  fall ;  but  on  the  other  hand,  as  the  current  can 
escape  upwards  as  well  as  downwards,  it  requires  two  insulators, 
or  a  double  shackle,  as  in  the  figure^  to  give  the  same  resistance 
to  leakage  as  that  of  an  invert  of  the  same  model  and  size. 


Fic.  62. 
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Insulators  should  always  be  securely  screwed  to  the  arms  or 
brackets,  for  when  the  pins  or  stalks  simply  drop  into  holes 
they  are  frequently  lifted  out  by  the  wind,  causing  a  stoppage. 

297.  Leading  Wires  into  Stations. — As  percha  wire  is  very 
perishable  when  exposed  to  air  and  light,  it  is  imperative  to 
leave  as  little  as  possible  uncovered,  and  to  enclose  it  in  an  iron 
pipe  or  a  well-made  wood  casing,  carefully  fitted  and  painted 
The  wire  should  not  pass  near  a  lead  gas-pipe,  lest  a  lightning 
discharge  should  take  place  between  them. 

The  percha  should  be  covered  Mrith  tape,  and  varnished  with 
Stockholm  tar,  in  outdoor  work.  The  length  left  exposed  to 
the  air  must  have  a  double  coating  of  tape  and  tar.  Paint 
injures  percha. 

As  the  dirt  on  the  exterior  of  percha  conducts  when  damp,  a 
short  length  of  the  loop  which  extends  from  the  casing  to  the 
line-wire  may  be  protected  from  rain  by  a  porcelain  or  stone- 
ware bell  or  large  tube,  so  that  a  portion  of  dry  surface  may 
break  the  line  of  leakage. 

However  well  covered  with  tar  exposed  percha  may  be,  it 
needs  frequent  re-tarring,  or  it  will  decay  in  time. 

298.  In  fixing  earth-plates  care  must  be  taken  that  the 
principles  laid  down  in  section  98  be  complied  with,  so  that  a 
perfect  earth  may  be  obtained. 

Occasionally  an  earth  cannot  be  found ;  a  return-wire  is  then 
necessary.  It  is  generally  better  to  use  a  return-wire  for 
circuits  of  less  than  half  a  mile,  unless  a  water-pipe  is  available. 
It  of  course  need  not  be  insulated. 

299.  Over- HOUSE  WiRsa — ^When  wires  are  carried  over 
houses,  it  is  better  to  use  a  light  strand,  because  it  is  not  so 
liable  as  a  solid  wire  to  be  set  into  noisy  vibration  by  the  wind. 
It  may,  in  smoky  towns,  be  protected  with  a  wrapping.  Over- 
house  wires  are  erected  in  long  spans,  and  are  shackled  off  at 
every  support,  so  that  they  may  not  be  worn  by  friction  at  the 
insulators,  and  that  each  span  may  be  independent  as  to  sta- 
bility. The  poles  are  iron ;  they  are  light,  and  are  slipped  into 
a  cast-iron  saddle,  which  fits  upon  the  ridge  of  the  roof.  They 
are  well  stayed  in  every  direction,  the  pole  merely  carrying  the 
weight  of  the  wires,  its  stability  being  secured  by  the  stays. 
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Sometimes  a  number  of  insulated  wires  are  made  into  a  cable, 
which  is  suspended  by  hooks  from  a  pair  of  wires  of  the  usual 
kind,  carried  in  the  manner  described  above.  These  cables 
must  necessarily  be  light,  and  their  insulation  is  consequently 
defective ;  it  is,  however,  capable  of  considerable  improvement. 

The  great  defect  of  over-house  wires  is  in  their  insulation. 
Shackles  do  not  in  any  case  insulate  well,  and  they  soon  become 
coated  with  smoke,  while  from  their  position  they  cannot  be 
frequently  cleaned.  The  author  cannot  recommend  their  em- 
ployment as  portions  of  long  circuits,  though  their  insulation  is 
sufficient  for  local  telegraphs. 

300.  Underground  Wires. — Underground  wires  are  either 
drawn  into  pipes,  or  laid  in  troughs  fitted  with  a  moveable 
cover.  It  is  very  much  more  easy  to  place  the  wires  in  a  trough 
than  to  draw  them  into  a  pipe,  and  there  is  less  chance  of 
injuring  them ;  but  it  is  much  more  difficult  to  execute  repairs 
in  a  trough,  and  practically  it  does  not  appear  that  the 
process  of  drawing  into  a  pipe  injures  the  wire  if  ordinar>^ 
care  be  used. 

When  pipes  are  employed,  the  entire  length  may  be  replaced 
by  new  wire,  without  interrupting  the  communication  for  an 
instant,  or  even  opening  the  ground  except  at  the  drawing-in 
boxes  ;  while  if  a  trough  is  used  it  must  be  opened  throughout, 
unless  it  has  been  constructed  so  as  to  allow  the  cable  to  be  drawn 
out,  in  which  case  it  would  be  much  more  expensive  than  pipes. 
The  plan  which  has  been  pursued  for  many  years  in  London 
and  the  Jarger  towns  is  to  lay  down  a  pipe  under  the  flag-stones, 
amply  large  enough  for  all  the  wires  likely  to  be  required.  Ob- 
long " drawing-in"  boxes,  30  inches  by  11  inches,  and  12  inches 
deep,  with  lids  formed  of  an  iron  frame,  into  which  a  piece  of 
flag-stone  is  fixed,  are  placed  at  every  100  yards  if  the  line  be 
straight,  and  nearer  if  it  be  curved.  The  pipes  should  be  well 
cleaned,  and  tarred  inside  while  hot,  to  prevent  rust,  for  rust 
causes  the  wires  to  adhere  so  strongly  to  the  iron  that  it  is 
difficult  to  detach  it. 

301.  The  wires  are  sometimes  made  into  cables,  400  yards  i|i 
length,  with  a  very  slight  twist,  and  covered  with  braided  hemp^ 
like  the  handle  of  a  whip,  but  it  is  more  usual  to  spin  tape 
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around.each  separate  wire,  and  simply  to  tie  them  together  as  a 
bundle,  cutting  the  ties  off  before  they  enter  the  pipes.  In 
either  case  the  percha,  tape,  and  hemp  are  well  covered  with 
Stockholm  tar.  Stockholm  tar  preserves  percha  more  completely 
than  any  other  substance,  but  gas-tar  is  injurious. 

302.  When  a  length  is  found  to  require  renewal,  a  new 
"  caile  "  is  connected  in  a  loop  between  it  and  the  next  length, 
and  as  the  defective  piece  is  drawn  out  the  new  piece  is  drawn 
in.  The  defective  wires  in  the  old  cable  are  repaired  at  the 
factory.  Thus  the  whole  of  the  street-icorh  can  be  replaced  by 
new  wires  without  interrupting  the  communication.  Extra  or 
spare  wires  are  always  provided  when  a  new  length  is  drawn  in, 
so  that  it  may  not  require  renewal  until  several  wires  have 
failed. 

It  is  impracticable  to  draw  out  a  portion  of  the  wires,  because 
the  friction  of  one  wire  upon  another  would  cut  through  the 
coating.  Nor  can  additional  wires  be  drawn  in  without  great 
risk,  unless  both  old  and  new  have  been  made  into  a  cable  and 
covered  with  hemp  or  canvas.  But  the  objection  to  covering  a 
cable  thus  is,  that  should  it  rot  partially  or  be  injured,  the  de- 
fective portion  will  strip  off  and  choke  the  pipe.  When  the 
wires  are  taped  singly^  the  choking  is  prevented. 

It  is  always  desirable  to  make  all  the  joints  at  the  same  part 
of  the  cable,  so  that  they  may  be  easily  found,  because  although 
joints  made  in  the  factory  should  be  as  sound  as  any  other 
portion  of  the  sheathing,  they  cannot  either  be  so  well  made  or 
so  carefully  tested  in  the  open  air.  At  each  set  of  joints  the 
wires  are  labelled. 

.  Faulty  wire  should  not  be  used  for  permanent  work,  although 
its  insulation  may  be  good  enough  at  the  time  for  the  circuits  on 
which  it  is  to  be  used,  because  a  fault  always  increases,  and  will 
in  time  become  serious. 

303.  TirNNEi^. — Percha  wire,  well  taped,  tarred  and  sanded, 
is  laid  in  a  wood  trough  fixed  to  the  wall.  A  cover  is  placed 
over  it,  coated  with  zinc,  to  prevent  accidents  from  the  cindera 
thrown  out  by  the  enginea  In  fixing  the  cover  great  care-  is 
necessary  to  prevent  piercing  the  wires,  and  it  is  better  not  to 
nail  it  on,  but  to  ^ie  it.        ' 
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Sometimes  an  iron  pipe  is  used  instead  of  the  trough,  or  a 
cable  covered  with  canvas  is  fixed  to  the  walL 

304  Percha  wires  have  occasionally  been  laid  in  a  pipe  filled 
with  Stockholm  tar,  which  it  is  expected  will  preserve  the 
percha  for  a  long  time. 

The  pipe  is  fixed  as  level  as  possible,  and  T  pieces,  closed  by 
screwed  covers,  are  introduced  at  each  100  yards. 
.  The  wires  are  drawn  in,  all  at  the  same  operation,  through  a 
mixture  of  boiled  tar  and  linseed  oil,  slightly  warmed  to  make 
it  more  fluid.  They  will  carry  a  portion  of  tar  with  them,  and 
the  pipe  may  be  afterwards  filled  by  screwing  on  vertical  pieces 
at  each  end,  into  which  the  tar  may  be  poured.  The  pressure  of 
the  head  of  tar  wiU  carry  the  air  out  before  it,  which  will  escape 
at  the  ±  pieces  which  are  left  open.  Each  opening  should  be 
closed  as  the  tar  reaches  it.  If  the  tunnel  is  too  long  for  the 
pipe  to  be  filled  from  the  ends,  vertical  pipes  for  pouring  in  can 
be  fixed  at  the  JL  pieces.  The  objection  too  is,  that  the  tar  will 
hardien  in  time,  so  that  the  wire  cannot  be  drawn  out  again 
without  injury. 

305.  Wire  is  sometimes  insulated  by  being  embedded  in 
asphalte. 

The  best  results  have  been  obtained  in  this  way.  A  wood 
trough,  strong  enough  not  to  warp  or  bend,  is  fixed  to  a  wall 
The  bottom  of  the  trough  is  covered  with  a  layer  of  hot  bitumen, 
softened  with  Stockholm  tar,  but  it  must  be  made  of  such  a  con- 
sistence as  not  to  crack  in  the  coldest  weather,  nor  to  become 
so  soft  in  summer  as  to  permit  the  wires  laid  in  it  to  sink  into 
coutact  one  with  another,  a  matter  of  very  great  difficulty. 

After  the  bitumen  has  cooled,  the  first  layer  of  wires  is  placed 
upon  it,  the  wires  being  kept  from  touching  one  another  by 
moveable  combs  while  they  are  covered  with  the  mixture.  This 
must  be  sufficiently  warm  to  adhere  perfectly  to  the  first  layer, 
yet  not  so  hot  as  to  melt  it.  More  wires  are  then  laid,  and  the 
ppei^ation  is  repeated  until  the  trough  is  full.  Bare  iron  or  copper 
wire  c«ui  be  used,  or  defective  percha  wire. 

As  moisture  prevents  the  blending  or  adhesion  of  the  several 
layers  of  bitumen,  the  operation  cannot  be  carried  on  in  damp 
weather.     If  a  drop  of  rain  fall  into  the  trough,  it  will  be  con- 
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verted  into  steam  by  the  hot  mixture,  and  will  cause  a  hole, 
perhaps  not  large  enough  to  be  observed,  but  sufficient  to  let  in 
water  and  create  a  fault. 

Mineral  bitumen  succeeds  better  than  that  made  from  gas-tar, 
and  Stockholm  tar  is  to  be  preferred  to  gas-tar,  for  the  latter 
causes  the  mixture  to  become  brittle  after  a  time. 

A  serious  objection  to  the  system  is  the  difficulty  of  repairing 
it  should  it  become  faulty,  and  it  is  not  economical  in  first-cost. 

Old  gutta-percha  wire,  too  much  decayed  for  ordinary  pur- 
poses, may  be  utilized  in  other  ways.  It  may  either  be  made 
into  a  cable  or  bundle  of  wires,  covered  with  canvas,  and  injected 
with  a  very  soft  mixture  of  Stockholm  t«'ir  and  asphalte  by  the 
vacuum  process ;  or,  after  having  been  well  rubbed  with  a  some- 
what harder  tarry  mixture  to  fill  up  the  cracks  and  other  defects, 
it  may  be  laid  in  a  trough  filled  with  the  same  material  These 
methods  give  a  very  fair  insulation,  except  in  places  where  it  is 
constantly  wet. 

306.  Jointing  covered  Wire. — Unless  a  professional  jointer 
who  caii  be  held  responsible  for  his  work  is  employed,  no  one 
but  the  line-man  in  charge  of  the  work,  who  will  have  the 
trouble  of  repairing  it  if  defective,  should  be  entrusted  with  the 
delicate  operation  of  making  joints. 

Cleanliness  is  most  essential  to  success.  The  fingers  should 
be  used  as  little  as  possible,  and  must  be  kept  very  clean. 

Prior  to  making  the  joint,  the  gutta-percha  is  removed  from 
the  ends  of  the  wires  for  about  1^  inches,  and  the  copper  wires 
are  carefully  cleaned  by  scraping ;  the  wires  are  twisted  together 
for  1  inch,  the  sharp  ends  being  closely  trimmed  off.  The 
joint  is  then  soldered  with  rosin  and  good  soft  solder  containing 
a  sufficiency  of  tin. 

After  this  the  gutta-percha  is  scraped,  or  very  carefully  pared 
back  for  2  inches,  to  remove  its  outer  surface,  which  is  oxidized, 
and  will  not  join  properly;  the  wire  joint  is  covered  with 
Chatterton's  compound,  and  the  gutta-percha  heated  on  both 
sides  and  tapered  down  over  the  joint  until  that  from  each  side 
meets.  The  junotion  is  completed  by  means  of  a  warm  jointing 
tool,  care  being  taken  to  mix  the  gutta-percha  well  without 
burning. 
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As  soon  as  this  has  cooled,  another  coating  of  Chatterton's 
compound  is  spread  over  the  gutta-percha,  taking  care  not  to 
bum  the  compound. 

A  new  and  clean  sheet  of  gutta-percha  is  then  heated  by 
means  of  a  spirit-lamp,  and  while  so  heated  carefully  stretched 
so  as  slightly  to  thin  it.  Then,  while  it  and  the  Chatterton-coated 
joint  are  still  hot,  it  is  laid  on  the  joint,  and  pinched  tightly 
round  it  with  the  finger  and  thumb,  after  which  it  is  trimmed 
ofT  close  with  scissors.  The  seam  is  again  pinched,  and  carefully 
finished  off  with  a  warm  tool,  so  as  to  mix  the  gutta-percha 
of  the  two  sides,  and  the  coating  of  the  wire  itself,  well  together. 

The  joint,  when  cool,  is  again  covered  with  Chatterton's  com- 
pound, and  a  longer  and  larger  sheet  of  gutta-percha  is  laid  over 
it,  pinched,  cut,  and  tooled  off  as  before. 

When  the  joint  is  complete,  another  coating  of  Chatterton's 
compound  is  applied  over  the  whole,  well  tooled  over  the  joint, 
and,  when  cool,  rubbed  with  the  hand,  well  moistened,  till  the 
surface  is  smooth. 

The  mixing  of  the  old  and  the  new  gutta-percha  is  most 
important,  and  joints  generally  fail  from  this  having  been 
imperfectly  done,  or  from  the  percha  being  overheated. 

307.  SccondMethod.    (Sabine's  "  Electric  Telegraph.") 

Cut  the  ends  of  the  core  flush.  Warm  the  percha  on  each 
wire  with  a  spirit  lamp  for  three  inches,  and,  when  soft  uniformly 
all  round,  push  it  back  so  as  to  form  a  knob.  Cut  off  the  exposed 
wire,  leaving  sufficient  to  form  a  joint.  After  soldering  it  with 
rosin,  wash  the  wire  with  naphtha,  warm  it,  and  coat  it  with 
compound. 

Warm  one  of  the  knobs,  and  draw  it  again  over  the  wire  up 
to  the  other  knob  ;  trim  it,  knead  it  well  into  the  second  knob, 
and  coat  with  compound.  Then  draw  the  second  knob  over  the 
first,  coat  with  compound,  and  cover  with  sheet  percha  as  in  the 
former  method. 

A  very  excellent  temporary  joint  may  be  made  by  drawing 
a  piece  of  vulcanized  rubber  tube  over  the  ends  of  the  percha 
after  having  soldered  the  wire,  and  wrapping  it  tightly  with  wire. 

Chatterton's  compound  is  one  part,  by  weight,  of  Stockholm 
tar,  one  of  rosin,  and  three  of  percha. 


PART  VIIL 

ORDINAEY  TESTING. 

308.  It  is  desirable  that  all  important  circuits  be  tested  daily 
for  insulation  and  resistance,  and  that  the  test  be  so  recorded  as 
to  be  capable  of  being  reduced  into  units  of  resistance.  Tl^ese 
tests  will  point  out  leakages  and  faulty  connections,  so  as,  in  very 
many  cases,  to  enable  their  removal  to  be  effected  before  they 
interfere  with  the  working  of  the  circuit,  and  will  give  the  data 
necessary  for  determining  the  distance  of  faults. 

309.  The  line-wires  at  all  important  stations  are  connected  to 
terminal  screws  in  a  test-box,  wliich  contains  also  similar  binding 
screws  joined  to  wires  leading  to  the  instruments  and  to  the 
earth. 

In  the  daily  testing,  the  distant  station  disconnects  the  line 
wires  at  a  fixed  time  for  a  certain  number  of  minutes.  The 
iMsulation  test  is  then  taken  by  connecting  the  battery,  galvano- 
meter, and  Une,  as  shown  in  the  diagram. 


LINE 


Fitt.  63. 


The  distant  station  next  puts  the  line-wires  to  earth  for  a 
second  fixed  period,  by  screwing  a  bright  copper  wire  to  the 
earth  terminal,  and  to  all  the  line-wires,  which  are  still  left  dis- 
connected from  their  respective  instruments.     The  eontinvdty  or 
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resistance  test  is  then  taken.  The  connections  at  the  testing 
station  are  as  in  the  diagram,  but  the  distant  ends  of  the  wire^ 
instead  of  being  free,  are  connected  to  the  earth. 

310.  Blavier,  in  his  Manual,  describes  the  French  method 
thus,  A  and  B  being  the  two  stations  : — 

A  sends  a  current  through  his  ''detector"  during  two 
minutes. 

For  the  first  minute  B  leaves  the  wire  disconnected,  and 
during  the  second  minute  puts  it  to  earth  through  his  own 
detector. 

Each  station  registers  the  results. 

Durinig  the  next  two  minutes  b  sends  the  current,  and  A 
makes  the  changes  previously  made  by  b,  each  registering  as 
before. 

The  tests  made  when  the  wires  are  diseonnected  show  the 
leakage  or  insulation  resistance ;  those  made  when  the  wires  are 
to  earth  give  the  resistance  of  the  wire  and  apparatus  in  circuit 

The  tests  taken  at  the  opposite  ends  never  agree,  the  resist- 
ance of  the  wire  making  a  distant  fault  appear  smaller  than 
one  near  at  hand,  not  to  mention  other  obvious  causes  of 
disagreement,  such  as  dissimilar  battery-power ;  but  it  is  useful, 
because  it  shows  the  working  current  received  from  the  distant 
station. 

311.  The  worse  the  insulation  or  the  greater  the  conducting 
power  of  the  wire  itself  the  larger  the  deflection  of  the  needle, 
because  the  resistance  is  decreased.  If  then  it  were  possible  that 
every  test  throughout  the  world  could  be  made  with  batteries  of 
equal  power  and  galvanometers  uniform  in  sensibility,  test9 
made  in  different  places  or  at  different  times  might  be  compared. 
But  the  same  battery  and  even  the  same  galvanometer  vary  in 
power  and  sensitiveness  from  time  to  time,  and  in  consequence 
give  variable  results,  it  is  therefore  obvious  that  by  no  other 
method  than  the  reduction  of  each  test  to  a  common  standard  of 
resistance,  can  the  observations,  taken  at  different  times  and  in: 
different  places,  be  compared. 

Each  principal  office  should-  therefore  be  provided  with  the 
means  of  reducing  the  daily  tests  into  units  of  resigtance.  In 
order  to  compare  the  insulation  of  one  circuit  with  that  of 
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another,  ifc  is  necessary  to  calculate  its  resistance  'per  mile,  by 
multiplying  the  result  of  the  tests  by  the  length  of  each  di'Ciiit 
in  miles,  for  were  this  not  done,  the  longest  wire  would  appear 
to  be  the  most  faulty.  The  comparison  even  then  is  not  abso- 
lutely correct,  but  it  is  the  nearest  approximation  which  can  be 
obtained. 

812.  When  better  apparatus  is  not  to  be  had,  the  ordinary 
vertical  "  detector "  may  be  used,  but  it  is  not  susceptible  of 
accuracy.  Its  scale  is  not  correct  above  20^  and  the  friction  of 
its  pivots  interferes  with  the  readings  below  40  The  most 
trustworthy  part  of  the  scale  lies  between  40"*  and  60^ 

Even  where  only  the  very  roughest  tests  are  required,  the 
battery-power  must  be  so  regulated  as  not  to  deflect  the  needle 
of  the  galvanometer  to  the  full  extent  of  the  scale,  for  two  wires 
may  differ  very  much  in  resistance,  and  yet  appear  to  test  alike 
if  both  give  what  is  caHed  full  deflection,  such  a  number  of  cells 
should  therefore  be  used  as  will  cause  the  deflection  to  range 
between  4ff*  and  60^ 

The  ordinary  detector  can  only  be  used  for  measuring  insu- 
lation  resistances  with  anything  approaching  accuracy  when  we 
read  the  deflection,  and  reproduce  it  through  resistance  coils 
by  varying  the  battery-power.  If  the  office  possesses  a  coil, 
the  resistance  of  which  is  known  to  be,  say  500  ohms,  it 
can  be  used  as  a  standard.  Suppose  that  with  one  cell  we 
obtain  a  reading  of  50""  through  the  coil,  and  that  20  cells  are 
required  to  obtain  the  same  reading  through  the  wire  we  are 
testing.  Then  as  1  :  500  : :  20  :  10,000,  the  resistance  of  our 
wire  will  be  10,000  ohms.* 

But  it  is  seldom  that  a  series  of  cells  are  exactly  equal  in 
power,  and  the  single  cell  may  in  some  cases  be  even  doubly 
as  powerful  as  any  one  of  the  others.  Moreover,  it  is  only  where 
the  resistance  of  the  battery  and  detector  compared  with  that  of 
the  line  to  be  tested,  is  so  small,  that  it  may  be  n^lected,  that 
the  deflection  of  a  galvanometer  increases  in  proportion  to  the 
number  of  cells  used. 

The  resistance  of  a  wire  may  be  ascertained  by  reading  off 

1  Because  if  one  cell  gave  a  current  whose  itrength  woa  50  on  the  coil  of 
500  ohms*  resistance,  20  cells  would  have  given  20  times  as  mnch. 
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the  deflection  obtained  through  the  wire  to  be  tested,  and  by 
subsequently  placing  the  same  battery  and  galvanometer  in  cir- 
cuit with  a  set  of  resistance  coils,  altering  their  resistance  till 
the  deflection  is  reproduced.  This  system  is  accurate  if  a  good 
galvanometer  is  employed. 

313.  Accuracy  sufficient  for  ordinary  purposes  may  be 
attained  by  the  use  of  a  tangerU  galvanometer,  having  its 
scale  divided  as  shown  in  paragraph  129a ;  with  a  delicately 
balanced  needle,  and  a  standard  coil  of  1,000  ohms'  resistance. 

As  the  graduation  of  this  galvanometer  is  correct  throughout^ 
and  the  friction  of  the  pivot  the  same  at  all  angles  of  deflection, 
a  much  greater  extent  of  scale  is  available  than  in  any  other 
instrumentw  If  the  coil  is  wound  with  two  equal  wires,  so  as 
to  divide  it  into  equal  portions  or  halves,  one  half  may  be  used 
for  strong  currents,  or  for  resistance  tests,  and  the  entire  coil 
for  weak  currents,  or  insulation  tests;  the  readings  obtained 
with  the  half-coil  must  be  multiplied  by  two.  Or  a  shunt  may 
be  attached  to  it,  which  is  a  wire  connecting  the  two  ends  of 
the  galvanometer  coil,  so  as  to  divert  a  portion  of  the  current, 
and  reduce  the  sensibility  of  the  instrument. 

First  test  the  strength  of  the  batteries,  by  ascertaining  what 
deflection  is  obtained  upon  the  standard  resistance  R,  as  in  the 
following  diagram.  This  is  called  taking  the  constant  of  the 
instrument. 


Fio.  64. 

Then  test  for  insulation  and  resbtance  in  the  manner  already 
described. 

When  a  tangent  or  other  horizontal  galvanometer  is  used, 
great  care  is  necessary  to  avoid  the  disturbing  action  of  masses 
of  iron,  the  electro-magnets  of  the  instruments,  and  of  the 
currents  through  the  wires  which  pass  under  the  desks.  If  a 
more  suitable  situation  cannot  be  found  for  the  instrument,  it 
may  be  placed  in  an  iron  box  without  a  lid. 
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314  The  daily  tests  taken  by  this  metliod  by  a  tangent 
galvanometer,  having  a  scale  of  tangents  (129a),  may  conve- 
niently be  recorded  in  the  following  form : — 


1 

Date. 

! 

GoDstant 

or 

Reading 

through 

1.000 

ohms. 

Rradinos  thbouou  Wires. 

No.  I. 

No.  2. 

State  of 

the 
Weather. 

1 

1 
1 

Insulation. 

Reiilstance. 
X  2. 

Insulation. 

Resistance. 
X  2. 

Feb.  19 

6a             12 

75 

10 

50 

Rain. 

•      1 

These  readings  can  be  reduced  to  units  by  proportion,  thus  :-^ 

Deflection  through  the  wire :  Deflection  through  standard  coil :  :  R  of  coll :  R  of  wire. 
Or    12°  :  60°  :  :  1,000  ohms  :  5,000  ohms,  the  insulation  of  No.  1  wire, 
And  76° :  60° :  :  1,000  ohms  :     800  ohms,  its  resistance. 

The  greater  the  resistance,  the  smaller  will  be  the  deflection  ; 
that  is  to  say,  if  1,000  ohms  give  a  deflection  of  60°,  a  deflection 
of  12  will  represent  five  times  the  resistance,  or  5,000  ohms. 
Or,  more  simply,  because  the  standard  is  1,000,  add  three 
ciphers  to  the  reading  obtained  upon  the  standard,  and  divide 
it  by  the  reading  obtained  upon  the  wire,  thus  :— 


60,000^ 
12 


6M00  ^  go^ 

75 


It  is  not  necessary  to  reduce  the  readings  each  day  to  ohms, 
but  only  to  record  them  in  such  a  manner  that  they  can  be 
reduced  when  it  may  be  desired, 

315.  A  set  of  resistance  coils,  as  has  already  been  explained 
(78),  is  a  number  of  •  bobbins,  fiUed  with  fine  wire,  each 
equal  to  a  certain  multiple  of  the  unit  of  resistance!  the 
ohm.  By  their  use,  electrical  measurements  taken  after  long 
intervals,  or  in  difTerent  parts  of  the  world,  can  be  compared  in 
the  same  way  as  if  they  had  been  weights  or  distances,  because 
a  definite  and  well-known  standard  is  used.     Copies  of  the 
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standard  of  resistance  are  as  easily  made  as  those  of  the 
pound  or  yard. 

The  wire  of  the  coils  must  be  of  a  metal  or  alloy  which 
does  not  vary  much  in  resistance  with  temperature.  A  refer- 
ence to  Table  XL  will  show  how  greatly  the  several  metals 
difTer  in  this  respect.  Copper  will  be  seen  to  be  very  unsuit- 
able, inasmuch  as  its  variation  is  *388  per  cent,  for  each  degree, 
while  German-silver  is  '044,  and  an  alloy  of  platinum  and 
silver  '031,  or  only  about  one-tenth  of  copper.  Thus,  an  error 
in  a  test  due  to  the  absence  of  a  correction  for  temperature, 
would  be  ten  times  larger  if  copper  coils  were  used  than  with 
platinum-silver  coils. 

Moreover,  as  the  resistance  of  these  alloys  is  very  much 
greater  than  that  of  copper,  13  times  for  German-silver,  and 
15  times  for  platinum-silver,  a  much  less  quantity  of  wire  is 
required  to  form  a  coil. 

316.  To  avoid  the  effect  of  extra  currents  (173)  when  making 
and  breaking  circuit,  and  to  prevent  the  coUs  affecting  galvano- 
meters near  them,  the  wire  is  first  doubled,  and  then  wound 
on  the  bobbin,  one  half  then  neutralizes  the  other  half,  because 
they  are  wound  in  contrary  directions. 


Fig.  65. 


317.  The  several  coils  are  arranged  in  a  box  as  in  the  figure. 
The  connecting  pieces  ah  e  dare  made  of  brass,  mounted  gene- 
rally on  an  ebonite  slab  covering  the  top  jof  the  box.  The 
bobbins  are  slipped  upon  pins  fitted  into  the  top,  so  that  any 
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one  of  them  can  be  removed  for  adjustment  without  disturbing 
the  rest  Brasa  plugs  with  ebonite  handles  are  fitted  in  holes 
between  the  connecting  pieces  to  short-circuit  the  coils.  When 
any  one  of  these  plugs  is  taken  out,  the  coil  is  tlirown  into 
circuit.  Thus,  if  the  four  coils  ahown  in  the  figure  have  1,  2,  3, 
and  4  ohms  resistance  respectively,  and  the  plug  between 
c  and  d  is  removed,  4  ohms  resistance  is  thrown  into  the  circuit 
with  which  the  coil-box  may  be  connected  by  the  wires,  t,  t'. 

Thick  wire  should  be  used  for  the  small  resistances,  be> 
cause,  as  a  slight  difference  in  length  will  not  materially  alter 
the  resistance,  it  is  easier  to  obtain  accuracy  in  adjustment 
than  if  a  finer  wire  were  used. 

The  box:  of  coils  is  sometimes  made  circular,  contact  being 
made  by  moveable  levers,  arranged  to  move  like  the  hands  of 
a  watch. 

318.  The  most  accurate  methods  of  testing  are  by  means 
of  the  differential  galvanometer,  or  the  WJuatstone's  bcUanee,  and 
a  set  of  resistance  coils  and  it  is  desirable,  occasionally,  to 
employ  one  of  these  more  accurate  methods. 

319.  The  construction  of  the  differential  galvanometer  is 
described  in  paragraph  127.  In  testing  a  line  wire  by  the 
"  differential "  for  insulation,  the  connections  are  made  thus : — 


In  testing  for  resiatance  or  continuity,  the  line  can  be  con- 
nected io  earth  at  the  distant  end,  or,  what  is  better,  looped 
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with  another  wire  whoae  resistance  is  kaown,  or  lirhicli  is  exactly 
similar,  thus : — 


When  a  ehunt  ia  used,  the  reading  of  the  resistance  coils 
must  be  multiplied  by  the  value  of  the  shuiU — 10,  100,  or  1,000, 
as  the  case  may  be. 

320.  The  Wheatstone  Salance  or  Bridge  is  more  generally 
employed  than  the  dilfereulial.  Any  good  galvanometer  may  l« 
used  with  it ;  the  galvanometer  need  not  even  be  graduated ; 
all  that  is  necessary  is,  tliat  it  shall  be  sufficiently  delicate  to  in- 
dicate the  presence  of  a  very  feeble  current. 

The  balance  in  its  original  form  consists  of  three  sets  of  re- 
eistance  coils,  arranged  so  as  to  form  three  aides  of  a  parallelo- 
gram, the  wire  to  be  tested  being  the  fourth  side.  In  practice 
the  apparatus  does  not  bear  this  form,  for  it  is  arranged  so  that 
the  coils  may  occupy  as  small  a  space  as  possible.  Yvt  it  is 
coaveDieut  in  describing  the  balance  to  use  the  parallelogram, 
for  the  ligure  is  readily  borue  in  mind,  and  is  a  great  assistance 
both  in  comprehending  the  principle  involved  and  in  arranging 
the  connectiona  for  a  test 

321.  The  principle  is  perhaps  more  readily  understoo<l  if  it 
be  supposed  that  one  pole  of  the  battery  is  put  to  eaitb  :  let  it, 
tben,  be  imagined  that  this  has  been  done,  although  it  is  not 
necessary  to  employ  the  earth  in  testing.  When  one  pole  of 
a  battery  is  put  to  earth,  and  the  other  pole  connected  to  a  long 
wire  so  that  a  steady  current  flows  through  the  wire  to  e^rth, 
the  potential  of  the  wire  will  fall  regularly  at  equal  interVal3,of 
resistance  from  a  maximum  at  the  battery  end,  E,"  to  zero  at  the 
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end  F  connected  to  earth,  for  the  earth  is  always  at  the  zero  oi 
potential ;  and  if  the  perpendicular  H  E  represents  the  potential 


at  E,  the  perpendiculars  or  ordioates  at  the  succeeding  points  will 
represent  the  potential  at  those  points,  as  may  be  proved  by  th<' 
electrometer  and  a  set  of  resistance  coils. 


Let  Tie  then  suppose  one  pole  of  the  battery  put  to  earth,  t  ay 
tiifi  copper  or  positive  pole  ;  that  the  wire  B  F  is  split  info  two 
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piecisely  equal  wires,  c  d  and  A  b  ;  that  these  wires  are  separated 
throughout  except  at  their  ends,  and  that  they  are  bent  into 
the  form  of  a  parallelogram.  This  particular  form  is  not  essen- 
tial ;  all  that  is  necessary  is  that  the  two  wires  shall  be  separate 
except  at  their  ends.  Now  the  resistance  of  the  two  wires  being 
perfectly  equal  and  uniform,  the  fall  of  potential  will  proceed 
precisely  as  in  the  single  wire,  and  will  therefore  be  eqiuil  at  any 
two  points  equally  distant,  in  resistance,  from  the  zinc  end,  as  at 
A  and  0,  G  and  g,  or  B  and  D.  As  a  current  is  caused  by  a 
difference  of  potential,  and  cannot  exist  between  points  of  the 
same  potential,  no  current  will  pass  through  the  galvanometer 
in  the  bridge  connecting  g  and  g,  however  powerful  a  battery 
may  be  used ;  that  is  to  say,  there  is  no  force  tending  to  cause 
the  current  to  pass  over  the  bridge.  Nor  clearly  would  there 
be  if  the  bridge  were  placed  between  a  and  c  or  between  B 
and  JD. 

Sut  if  it  were  placed  from  d  to  a,  a  current  would  pass, 
because  d  being  further  from  the  earth  than  a,  is  at  a  higher 
potential,  and  the  galvanometer  would  be  deflected. 

322.  To  take  an  illustration  from  the  flow  of  water.  Suppose 
the  two  wires  forming  the  parallelogram  were  two  troughs 
conveying  water  from  one  vessel  to  another.  Equal  quantities 
would  pass  through  each,  but  no  current  would  flow  through  a 
cross  connecting  pipe  placed  between  G  and  g,  because  it]would 
be  as  easy  for  the  water  to  pass  through  A  as  through  c,  and  as 
the  head  of  water  would  be  equal  aft  G  and  at  g,  there  would 
be  no  force  tending  to  make  it  flow  from  one  trough  to  the 
other  through  the  connecting  pipe.  But,  on  the  contrary,  the 
water  is  higher  at  D  than  at  A  ;  if  therefore  the  pipe  be  made  to 
connect  those  points,  the  head  of  water  at  d  {the  higher  potential 
jof  d)  would  cause  a  current  to  flow  through  the  pipe  to  the 
point  of  lower  potential,  A. 

323.  Again,  when  A  bears  the  same  proportion  to  c  that  B  does 
to  D,  or  when  A  :  c  : :  b  :  D,  no  current  will  pass  between  O  and  g. 
For,  iBt  the  resistance  of  the  arm  A  bQ  made  10,  that  of  b  1,  of  o 
1,000,  and  of  D  lOfO,  the  total  resistance  of  the  branch  A  b  will 
now  be  11,  and  that  of  c  D  1,100 ;  but  the  tension  in  each  branch 
will  have  fallen  in  the  fame  proportion,  or  to  the  same  fraetion 

N  2 
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of  its  maximum  (Iftlis)  at  the  points  G  and  g,  and  the  tensioa 
at  G  will  therefore  be  equal  to  the  tension  at  g. 

324.  Wlien  it  is  merely  required  to  measure  resistances  vary- 
ing within  very  narrow  limits,  the  arms  A  and  c  may  consist  of 
two  equal  wires  wound  side  by  side  on  a  bobbin,  the  arm  B  of  a 
set  of  resistance  coils,  and  D  of  the  resistance  to  be  measured. 

325.  For  the  general  work  of  a  telegraph  station  the  following 
arrangement  will  be  found  efficient : — 

The  arms  a  and  c  consist  each  of  three  coils  of  10,  100,  and 
1,000  ohms  respectively,  and  are  used  for  an'anging  the  ratio  ot 
the  balance ;  the  arm  B  is  a  set  of  16  resistance  ciiils— 1,  2,  3,  4, 
10,  20,  30,  4-1,  lO'l,  200,  000.  400,  lOdO,  2000,  3000,  4000  ohms 
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respectively,  or  11,110  in  all.     A  disconnecting  plug,  or  injiniu 
.  resistance,  is  placed  between  the  10  and  20  and  at  I.     This  set 
of  coils  serves  as  the  measure.    The  wire  to  be  measured  forms 
part  of  the  arm  D. 

326.  To  measure  a  resistance  within  the  range  of  the  coila 
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in  B,  A  afad  c  are  made  equal.  When  the  resistance  in  fi  is 
greater  than  that  of  the  line  D  the  needle  of  the  galvanometer 
will  move  in  one  direction,  when  less  than  that  of  the  line  it 
will  move  in  the  opposite  direction,  remaining  nnmoved  only 
when  the  resistance  in  B  is  equal  to  that  in  D.  For  A  :  c  : :  B :  D, 
therefore,  as  a  and  c  in  this  case  are  equal,  c  and  D  must  also, 
he  equals 

To  measure  a  resistance  greater  than  that  of  the  coils  in  B,  a^ 
in  an  insulation  test,  the  resistance  in  the  arm  A  is  made  le&^* 
than  that  in  o  in  order  that  a  and  c  may  bear  such  a  propor-r 
tion  one  to  the  other  as  will  enable  the  coils  in  B  to  balance  a 
resistance  in  n  greater  than  their  own,  that  is  to  say,  greater  than 
<»  11»110  ohms ;  thus,  suppose  the  resistances  in  a  and  c  are  in  the 
ratio  of  10  to  1,000,  and  the  resistance  in  the  coils  b  is  10,000^ 
then  as  a  :  o  : ;  b  :  d,  or  10  : 1,000  :  :  10,000  :  1,000,000.  The 
resistance  of  the  line  tested  would  in  this  case  be  1,000,000 
ohms. 

Conversely,  wheu  the  resistance  to  be  tested  is  less  than  that 
of  the  smallest  of  the  coils  in  B,  that  is,  less  than  one  ohm,  the 
resistance  in  the  arm  A  is  made  greater  than  that  in  c ;  thus,  if. 
A  equals  100  and  c  10,  the  resistance  in  the  coils  B  being  1, 
then  as  A  :  C  :  :  B  :  D,  or  100  :  10  :  :  1  ^  0*1,  the  resistance  of 
D  will  be  one-teuth  of  an  ohm. 

It  must  not  be  supposed  that  no  other  ratios  than  1  to  10  or 
1  to  100  can  be  employed  ;  the  resistances  in  A  and  c  may  be 
varied  at  pleasure  until  they  bear  such  a  ratio  the  one  to  ijie 
other  as  'loUl  enable  tlie  CQile  in  B  to  balance  the  tesisiance  in  D, 
This  resistance  is  then  found,  as  shawn  above,  by  the  dii-ect 
rule  of  three. 

It  is  also  necessary  to  adjust  the  amount  of  the  resistance  in^ 
^  and  c  to  the  resistance  to  be  mecisured. 

The  greater  the  resistance  to  be  measured  the  greater  should 
be  the  resistance  in  the  arms  A  and  c.  In  practice  it  will 
generally  be  found  that  for  ordinary  conductivity  tests  l,60ft  in 
each  of  the  arms  A  and  c  will  be  found  to  answer  best;  if, a 
lower  resistance  were  used,  the  galvanometer  needle  would 
move  more  sluggishly  when  testing  a  long  length  of  wire,  and 
the  test  would  not  be  quite  so  accurate.  .  , 
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For  insalation  tests  where  the  total  resistance  is  less  than 
11,000  ohms,  an  equal  ratio  of  1,000  to  1,000  should  be  used. 
Where  the  insulation  is  above  11,000,  a  resistance  of  100  in  A 
and  1,000  in  c  will  generally  be  required,  except  where  the 
insulation  is  very  high,  when  10  in  a  and  1,000  in  c  will  be 
necessary. 

327.  Except  in  special  cases,  the  battery  key  is. connected 
with  the  zinc  pole  of  the  battery,  and  the  other  key  with 
one  of  the  terminals  of  the  galvanometer,  so  that  either  the 
battery  or  galvanometer  circuits  may  be  closed  or  broken  at' 
pleasure. 

In  all  cases  the  key  in  connection  with  the  battery  should 
first  be  depressed,  then  the  galvanometer  key,  making  veiy 
short  contacts  by  the  latter,  just  sufiBcient  to  show  to  which 
side  the  needle  is  deflected,  until  the  coils  in  B  are  nearly 
adjusted ;  or  much  time  will  be  lost  in  making  a  series  of  tests, 
owing  to  the  swing  given  to  the  needle,  which  will  oscillate 
repeatedly  before  it  again  remains  steady  at  zero. 

When  once  the  coils  in  B  are  properly  adjiisted  and  a  balance 
obtained,  it  should  be  ascertained  whether  the  needle  will  re- 
main steady  when  contact  is  made  and  broken ;  but  care  must 
be  taken  to  make  the  contacts  coincide  with  the  swing  of  the 
needle  so  as  to  assist  it.  A  very  feeble  force  frequently  re- 
peated will  set  a  needle  swinging,  when  the  movement  caused 
by  a  single  contact  is  imperceptible. 

328.  In  testing  short  lengths  of  wire,  where  the  resistance  in 
the  coils  is  small,  great  care  must  be  taken  not  to  apply  the 
battery  current  too  long,  otherwise  the  coils  will  become  heated 
and  their  resistance  will  be  increased.  Care  should  also  be 
taken  that  the  plugs  are  kept  clean  so  as  to  make  good  contact^ 
but  they  should  not  be  pressed  in  too  tight  or  the  ebonite  tops 
will  be  liable  to  be  damaged. 

329.  When  a  wire  is  tested  for  insulation,  a  portion  of 
the  current  flows  to  earth  over  the  insulators  at  each  pole 
so  that  each  succeeding  insulator  is  tested  by  a  gradually 
decreasing  current ;  and  the  distant  portion  of  the  wire  is 
tested  by  a  current  weakened  by  the  leakage  of  the  near^ 
portions. 
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This  is  always  true  theoretically,  but  not  practically  evident 
except  in  wet  weather  or  on  a  badly  insulated  line,  when  the 
loss  is  great. 

Again,  if  two  wires  of  equal  length  and  similarly  insulated 
but  of  different  gauge  are  tested,  the  thicker  wire  wiU  have  a 
resistance  less  than  that  of  the  other  by  the  amount  of  differ- 
ence in  the  conductivity  of  the  two  wires.  The  insulation  test 
will  be  affected  by  this  fact  and  also  by  the  effect  M^hich  the 
greater  conductivity  of  the  wire  has  on  the  leakage  at  each 
successive  pole. 

.  The  results  might  be  calculated  by  an  extension  of  the 
formula  given  in  paragraph  23  L  if  it  were  possible  to  ascertain 
the  resistance  of  each  insulator,  which  cannot  be  done. 

Practical  illustrations  can,  however,  be  given. 

When  the  resistance  of  the  insulators  is  very  high  and  uni- 
form throughout  the  length  tested,  the  leakages,  as  measured 
by  the  deflection  of  a  galvanometer,  will  increase  in  propor- 
tion to  the  length  of  the  wire,  irrespective  of  its  thickneF«3  or 
conducting  power,  because  the  resistance  of  the  wire  is  ex- 
ceedingly small  compared  with  that  of  the  insulators,  and  may 
be  neglected. 

When  the  insulation  is  so  bad  that  the  resistances  of  the 
supports  bear  a  nearer  proportion  to  that  of  the  wire  between 
Ihem,  a  thick  wire  will  test  worse  than  a  thin  wire.  Yet  the 
thicker  wire  gives  better  signals,  because  the  gain  by  its  greater 
eonducting  power  more  than  makes  up  for  the  loss  by  greater 
leakage.  For  the  same  reason  a  circuit  of  many  instrumenia 
UtU  letter  than  a  direct  eircmt  in  which  there  are  none  except  at 
the  tm^nvnal  stations. 

Thus  in  an  actual  test,  the  insulation  resistance  of  three  wires 
on  the  same  poles  was  very  high,  two  megohms  or  tw.o  million 
ohms  per  miia      The  wire  a  had  a  leakage  equal  to    .    •     29 

B  „  :,  30 

c  „  „  50 

The  sum  of  the  three  is    109 
\Vhen  looped  so  as  to  form  one  continuous  wire,  free  at  the 
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distttDt  end,  the  leakage  was  still  110,  or  seneibljr  the  same* 
(Fig.  71.) 


Fio,  71* 


The  leakage  of  the  three  wires,  when  connected  at  the  testing 
end,  and  left  free  at  the  distant  end  as  in  fig.  72,  was  lift,  or 
sensibly  the  same  as  in  Fig.  71. 


IIO 


N(Z^ 
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But  on  a  wet  daj,  three  wnilar  wires,  whose  re^^ctira 
leakages  were  196, 1&6,  and  141,  making  a  total  of  622,.gaye  a 
test  of  only  476,  when  looped  as  in  Fig.  71 ;  the  distant  portions 
of  the  wire  being  tested  in  reality  by  a  current. weakened  by 
the  leakage  in  the  nearer  portions. 

.  330.  The  increased  leakage  kA  a  thick  wire  arises  partly  ftom 
the  snrface  in  contact  with  its  supports  being  increased  by  the 
increased  size  of  the  wire  itself,  and  that  of  the  binding  by 
which  it  vs  fastened,  which  is  necessarily  stronger. 

For  instance,  to  take  actual  results  obtained  upon  wires  whose 
insulation  is  probably  below  the  average,  as  they  run  for  a  con- 
siderable distance  near  the  sea. 

In  fine  weather  both  wires  tested  alike,  their  insulation  resist- 
anee  being  79  million  ohms  per  mila  On  a  yeiy  wet  day,  for 
a  portion  of  the  same  distance  the  Ko.  4  had  B  »  70,000,  and  the 
No.  8  «  78,000.  • 
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•   Taking  a  circuit  lyiug  further  iDland — 

IntuloHon  Tests  of  TiOo  Wires,  an  the  $arru  poles,  between  Dvhlin 

Ocud  Belfast — tested  at  Dublin, 


Wkathbk. 

• 

losiilation 
l»ef  mile 

Insulation 
per  mile 

Remain. 

Date. 

At 

At 

No.  4  wire. 

No.  8  wire. 

Dnblln. 

Belfast. 

■ 

1868. 

\ 

1  February 

8 

Dull 

Fine 

682,500 

787,500  , 

,. 

7 

Damp 

Damp 

131,200 

157,500  ' 

f» 

15 

Dull 

Fine 

2,100,000 

2,100,000 

»> 

10 

Damp 

Fine 

210,000 

315,000 

• 

M 

24 

Damp 

Dull 

91,900 

112,900 

f» 

29 

Fine 

Damp 

787,500 

787,500 

■ 

March 

11 

Wet 

Rain 

157,500 

210,000 

April 

11 

Fine 

Fine 

38,760,000 

38,750,000 

. 

>» 

8 

Wet 

Damp 

525,000 

1,050,000 

f> 

7 

Damp 

Misty 

787,500 

.  June 

5 

Fine 

Fine 

78,760,000 

78,750,000 

* 

i> 

6 

Dull 

Misty 

921,300 

921,300 

November 

23 

Damp 

Fine 

666,800 

918,500 

f  > 

25 

Wet 

Rain.  ' 

131,000 

183,800 

December 

26 

Damp 

Damp 

1,312,500 

1,365,300 

99 

21 

Rain 

Rain 

181,300 

191,300 

Working  well. 

Maximum 

insul 

ation  per 

mile  No. 

4  gauge    .     . 

t  ■ 

•          •         •          • 

•78,750,000 

Minimtim 

' 

^          91,900 
78,750,000 

Maximum 

9i 

•               1 

M       No. 

B  gauge    .     . 

*            ■            ■           e 
0           •           4           w 

Minimum 

>1 

> 

If              1 

112,900 

»               •     • 

•    .       •           4           ■ 

831.  When  a  wire  is  tested  for  conductivity  by  putting  the 
distant  end  to  earth,  the  result  is  apt  to  be  interfered  with  by 
earth  currents  which  aid  or  oppose  the  testing  current.  So 
much  is  this  sometimes  the  case,  that  it  is  impossible  to 
ascertain  the  true  metallic  resistance  of  some  circuits  by  this 
method. 

When  the  earth  currents  are  not  very  strong,  that  is  when 
they  indicate  upon  the  instrument  used  only  a  few  dq^rees  of 
deflection,  and  are  steady  without  variation,  their  effect  can  be 
eliminated  by  taking  the*  mean  of  measurements  m&de  with 
copper  (positive)  and  zinc  (negative)  current-s ;  and  with  a  diffe^ 
rential  galvanometer  they  can  ]^.  counteracted  by  taking  the 
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deflection  given  by  the  earth  current  asthe  zero  of  the  instrument 
instead  of  0°. ' 

332.  The  loop  fnethod,  where  the  wire  is  disconnected  from  earth 
and  looped  with  another  similar  wire  or  one  of  known  resistance, 
is  mojTQ  accurate ;  but  unless  this  test  is  made  in  fine  weather^ 
the  leakage  from  one  wire  to  the  other  and  to  earth  at  each 
insulator  tends  to  decrease  the  apparent  resistance  of  the  loop. 

To  remove  the  latter  cause  of  error,  the  battery  should  be 
insulated,  or  at  all  events  neither  pole  should  be  put  to  earth. 
To  give  an  illustration :  Two  wires  on  the  same  poles  discon* 
nected  and  looped  at  the  distant  end  had  a  resistance  of  6,475 
ohms,  when  tested  thus — zinc  to  one  line-wire,  copper  to  gal- 
vanometer, galvanometer  to  the  second  line-wire, — ^being  in  this 
case  disconnected  entirely  from  earth.  But  when  the  zinc  pole 
and  the  line  wire  attached  to  it  were  put  to  earth,  the  apparent 
resistance  fell  to  5,250  ohms.  The  resistance  of  insulation  (one 
%vire  disconnected)  was  9,250  ohms,  and  the  weather  was  damp. 

Faults  in  the  Apparatus  or  Link  Wire. 

The  following  are  the  principal  faults  of  a  circuit : — 

333.  Disconnection,  or  loss  of  continuity,  when  the  circuit  is 
iroken,  so  that  the  current  will  not  pass.  When  a  current  is  sent 
on  the  line-wire,  the  galvanometer  needle  at  the  sending  station 
does  not  move  at  all. 

When  the  resistance  is  increased  by  a  rusty  or  badly-soldered 
joint  in  the  wire,  or  dirt  at  the  contact  points  of  the  apparatus 
less  current  than  usual  leaves  the  sending  station,  and  the  needle 
of  the  galvanometer  at  either  station  moves  less  strongly.  Thia 
is  called  partial  disconnection. 

334.  Earths  When  the  wire  touches  the  ground,  or  some  con- 
ductor in  connection  with  the  earth,  such  as  a  tree  wet  with  rain^ 
another  line*wire,  a  stay  wire,  or  the  like,  or  when  insulation  is 
very  defective,  the  currenl^  passing  out  from  the  sending  station 
is  always  increased ;  the  galvanometer  is  deflected  more  strongly 
than  usual,  because  the  resistance  of  the  circuit  is  lessened  byau 
extra  path  ot  derivation  being  opened  to  the  current,  which  splibi 

2  Another  method  is  givra  in  Uie  Appondiz. 
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between  its  own  wire  and  the  &ult  in  the  inverse  ratio  of  their 
resistances. 
But  the  current  received  at  the  stations  beyond  the  fault  i» 


Fio^73. 

weakened,  because  part  is  led  away  by  the  fault.    This  is  called' 
partial  earth,     (Fig.  73.) 

When  the  resistance  of  the  fault  is  so  low  compared  with 
tbat  of  the  wire  beyond,  that  no  sensible  current  passes  to  the* 
distant  station,  the  galvanometer  of  the  sending  station  is  very' 
strongly  deflected,  but  that  of  the  distant  station  remains  un- 
moved.   This  is  called  dead,  earth.     (Fig.  74.) 


•  ■ 

335.  Contact. — ^When  one  wire  touches  another,  the  current  di- 

vides  at  the  fault  between  the  three  paths  open  to  it   (Fig.  75.) 


Fia.  75. 
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When  a  contact  existe  between  two  or  more  wires  leading', 
into  the  same  office,  if  one  of  the  instruments  be  worked,  part . 
of-  the  cittrent  returns  by  the  other  wires^  and  causes  their 
instruments  to  move  also,  but  in  a  contrary  direction.  Another 
part  goes  on  to  the  distant  station  by  the  wire  on  which  it,  was 
originally  sentj  and  the  remainder  to  the  distant  stations  by  the 
wires  in  contact  with  it,  moving  the  galvanometers  connected 
with  them  in  the  same  direction  as  that  of  the  instrument  on 
the  original  wira  When  there  is  contact  with  a  wire  not  leading 
into  the  testing  station,  the  fault  will  appear  to  be  earth, 

336.  WeaOier  Conta4>t. — In  wet  weather,  the  moisture  which 
covers  the  insulators  enables  the  electricity  to  leak  or  escape 
from  one  wire  to  another,  and  to  the  earth.  The  current  enter-> 
ing  the  other  wires  produces  effects  similar  in  appearance  to, 
though  less  in  amount  than  those  caused  by  actual  metallic  con- 
tact between  the  wires.  This  fault  is  called  "  weather  contact^* 
and  may  be  prevented  by  providing  a  good  earth  wire  (226),  so 
fixed  as  to  intercept  the  current  in  its  transit  from  one  insulator 
to  another,  and  convey  it  to  the  earth. 

The  signals  at  the  sending  station  will  appear  stronger,  while 
those  at  the  rceettnng  station  will  be  weakened,  as  in  the  case  of 
partial  earth. 

337«  Defective  Earth  CoTmection.' — ^When  the  earth  wire  or 
plate  is  defective^  and  offers  a  sensible  resistance,  a  current  sent 
on  any  one  wire  connected  to  it  divides  itself  among  the  re« 
maining  wires,  making  them  appear  to  be  m  cantact,  because  it 
is  usual  to  connect  all  the  circuits  of  a  station  to  on^  and  ifie 
same  earth  wire,  which  is  led  to  the  earth  plate. 
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In  Pig.  76,  the  right-hand  earth  is  supposed  to  be  defectiye, 
and  the  arrows  show  the  path  of  the  current  dividing  itself 
between  the  earth  and  the  wires. 

When  the  defect  is  small,  it  may  be  mistaken  for  "  weather 
contact ; "  but  the  leakage  from  one  wire  to  another,  from  damp 
or  want  of  insulation,  is  always  greaiegt  in  wet  weather,  while  the 
apparent  contact  from  defective  earth  is  greatest  in  dry  weather, 
because  damp  increases  the  conducting  power  of  the  soil  and 
improves  the  earth. 

In  Fig.  77,  the  earth-wire  is  supposed  to  be  broken i  in  this  last 
case  no  current  will  pass  to  the  earth  at  all,  even  at  the  receiving 
end,  because  the  earth  forms  no  part  of  the  circuit 


.<d 
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Testing  for  Faults. — First  make  sure  that  the  defect  i$  not 
in  your  own  station, 

338.  Loss  of  continuity. — When  your  galvanometer  does  not 
move,  or  moves  but  feebly  when  you  press  the  key  of  your  in- 
strument, put  earth  on  at  the  test-box ;  should  it  still  i-emain 
unaffected  or  move  but  feebly,  the  fault  is  in  the  office,  being 
eitlier  disconnection  of  a  wire,  failure  of  the  battery,  a  break  of 
coutinuity  caused  by  dirt  in  the  apparatus,  or  loss  of  power  in 
the  needle  or  other  i>ei'manent  magnet. 

To  test  the  office  connections,  first  try  if  the  batteries  produce 
a  current  liy  putting  a  detector  in  circuit  between  the  two  poles, 
or  between  the  battery  terminals  of  the  instrument,  or  touch 
these  terminals  witli  one  finger  of  each  hand,  so  as  to  feel  the 
shock.     If  the  batteries  are  faulty,  test  them  trough  by  troui;h 
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and  cell  by  cell  by  a  quantity  detector  (71),  till  the  fault  is  dis- 
covered ;  then  remove  the  faulty  battery^  or  connect  it  across 
with  a  wire. 

Should  the  batteries  be  found  in  order,  connect  a  piece  of 
wire  Icnown  to  be  good  to  the  instrument  terminal  of  the  t«st- 
box,  and  with  it  touch  successively  the  several  connections  and 
parts  of  the  apparatus,  commencing  with  the  one  nearest  the 
test-box.  When  the  needle  moves,  the  fault  has  been  passed, 
and  will  be  found  between  the  point  last  touched  and  the  ono 
touched  next  before  it. 
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Let  the  wire  of  the  relay  A  F  B  be  broken  at  F ;  touch  the 
terminal  B  with  the  testing-wire,  the  needle  is  unaffected. 
Touch  A,  and  it  moves,  because  the  broken  place  has  been 
bridged  ovei; 

Lacquer  or  dirt  in  a  key  or  relay  will  often  cause  dis- 
connection, especially  at  the  stop  upon  which  the  key  of  a 
printing  instrument  lies,  or  the  bridge  which  connects  the  springs 
of  a  needle  instrument. 

If  best  salad  oil  be  applied  to  the  pivots  and  points  of  contact 
of  keys,  the  dirt  will  never  liarden  sufficiently  to  break  the 
connection.  A  film  of  oil  secures  a  better  contact  than  a  dry 
surface. 

It  must  be  recollected  that  a  strong  current  will  pass  an 
ipiperfect  connection,  while  a  weaker  current  would  be  stop]^ 
by  it  Thus  it  frequently  happens  that  a  dirty  key  will  transmit 
signals  perfectly  well  when  the  circuit  is  shortened  by  putting 
earth  on,  while  no  current  will  be  sent  at  all  when  the  entire 
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line  18  open.  In  all  tests  for  loss  of  continuity,  a  very  fecblt- 
cvrrent  slioald  therefore  be  employed.  Use  one  or  two  cells 
only. 

339.  Tf  all  the  conuections  appear  in  order,  try  if  the  magnet- 
ism of  the  needle  is  enfeebled,  and  restore  it  by  the  meaoA 
described  in  the  chapter  on  magDeticin. 

3t0.  If  after  putting  earth  on  at  the  test-box  your  galvano- 
meter needle  moves  sl:rongly  when  a  feeble  current  is  sent  front 
the  key,  the  loss. of  continuity  is  on  the  line,  or  in  the  leading-in 
■wires;  it  is  better  now  to  test  from  the  test-box,  but  at  small 
stations  having  no  test-boxea  the  instrument  gal%'anoiaeter  and 
key  may  be  employed. 

The  cause  of  the  fault  may  be  a  broken  wire,  a  Canity  joint : 
or  a  wire  removed  from,  or  a  fault  in  a  distant  instmment. 

Put  a  good  galvanometer  in  circuit  at  the  test-box,  and  send 
a  current  to  line  in  the  manner  shown  by  Fig.  63.  If  the  needle 
docs  not  move,  the  line  wire  ia  broken  or  disconnected  at  a 
distant  station ;  if  it  moves  feebly,  the  resistance  of  the  circuit  is 
increased  by  a  faulty  joint  in  the  wire,  or  au  imperfect  conuec- 
tion  in  an  instrument 

A.  Suppose  the  loss  of  continuity  to  be  total,  and  to  lie  be- 
tween station  B  and  station  c.    (Figs.  79  and  80.) 


Send  a  cuirent  to  line  through  your  galvanotneter  and  instruct 
A,  the  nearest  station,  to  put  earth  on  withodt  disconnecling 
the  wire,  and  to  inform  you  when  be  has  done  80. 

Yonr  needle  will  now  be  deflected. 
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Let  A  remove  the  earth  and  let  B  put  it  on  (fig.  79),  your 
needle  will  remain  deflected,  but  when  B  has  removed  the 
earth  and  c  has  in  his  turn  put  it  on  (fig.  SO),  the  deflection 
will  cease  because  the  fault  has  been  passed. 


341.  Except  in  very  fine  weather,  or  when  insulation  is  excep- 
tionally good,  it  will  be  found  that  as  the  distance  to  which  the 
test  extends,  increases,  more  and  more  current  passes  out  to  liue 
from  the  testing  battery,  because  of  the  leakage  at  the  insulators, 
and  if  the  daily  testing  of  the  wire  for  insulation  (earth)  has 
been  duly  registered,  an  appToxiniat«  guess  at  the  distance  of 
the  break  may  sometimes  be  made  from  the  amount  of  leakage 
from  the  wire. 

In  very  flne  weather,  and  on  a  very  good  line,  the  amount 
of  return  current  received  from  tlie  wire  when  a  strong  current 
is  sent,  and  the  line  iustautiy  put  to  earth  through  a  galvano- 
meter, will  show  if  the  fault  be  near  or  distant.  A  printing 
macliine  shows  the  return  current  readily.  (150.) 

342.  B.  Wlien  the  defect  in  continuity  is  but  partial,  much 
greater  care  is  needed. 

Send  a  weak  current  on  the  line  through  tlie  galvanometer 
and  let  earth  be  put  on  at  each  successive  station  as  before,  until 
two  stations  are  found,  at  the  nearer  of  which  the  earth  makes  a 
great  differeuce,  and  at  the  more  distant  of  which  it  makes 
a  very  slight  difference  in  the  deflection.  The  fault  will  lie 
between  thein. 

As  some  current  pasiies  tbe  fault  in  each  case,  so  much  may 
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pass,  even  vrhen  the  earth  is  put  on  beyond  the  fault,  as  to  de- 
ceive the  tester,  if  a  strong  current  be  used. 
•-  When  a  wire  is  broken,  and  lies  on  the  ground,  it  occasionally; 
though  rarely,  tests  as  if  partially  disconnected,  the  soil  conduct* 
ing  the  current  over  the  break. 

343.  When  a  wire  has  more  resistance  than  is  due  to  its 
length  there  is  probably  a  faulty  joint,  which  should  be  made 
good. 

When  the  section  in  which  the  fault  lies  has  been  found,  the 
joints  can  be  tested  without  interfering  with  messages,  by  con- 
necting a  wire  to  each  end  of  the  joint,  and  placing  a  single  cell 
and  a  vertical  detector  in  circuit  between  them,  so  as  to  send  a 
current  through  the  joint.  The  apparatus  must  be  insulated  by 
being  placed  on  a  tripod  or  a  staff,  and  the  wires  may  be  attached 
l)y  two  rods  furnished  with  spring  hooks  to  clasp  the  line-wire ; 
care  must  of  course  be  taken  that  the  line  wire  is  clean,  and  the 
hooks  may  be  roughened  that  they  may  scrape  it. 

344.  Earth, — In  this  case  when  the  key  is  pressed  the  instm- 
ment  galvanometer  moves  as  strongly,  or  even  more  strongly 
than  \isual ;  but  signals  do  not  reach  the  distant  instruments. 

To  test  the  office,  disconnect  the  instrument  wire  at  the  test- 
box  ;  if  the  galvanometer  is  still  deflected,  there  is  earth  between 
the  instrument  and  test-box,  the  place  of  which  can  be  found  by 
breaking  contact  successively  at  the  several  available  points, 
until  the  deflection  cea.ses. 

r  Should  the  galvanometer  deflection  cease,  the  fault  is  beyond 
the  test-box,  and  may  be  searched  for  by  sending  a  current 
through  the  test-box  galvanometer  to  line  as  in  Fig.  63. 

Should  the  resistance  of  the  wire  be  about  the  same  as  usual, 
and  the  needle  move  about  as  strongly  as  in  the  usual  daily 
tests  for  resistance,  the  fault  is  earth  at  or  very  near  the  distant 
terminal  station. 

Should  the  needle  be  more  strongly  deflected  than  usual,  the 
fault  is  near  the  testing  station. 

Let  the  fault  be  between  stations  B  and  c. 

Let  A  disconnect  the  wire,  the  deflection  of  the  testing  galva- 
nometer, G,  will  cease,  because  the  circuit  is  broken.  (Fig.  81.) 
Let  A  reconnect  the  wire,  and  let  it  be  disconnected  at  b  and 
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c  in  tarn.    When  B  disconnects,  the  result  will  be  the  same  as 


1>efore,  but  when  c  disconnects  (Fig.  82),  the  galvanometer  will 
remain  deflected,  because  alt  or  almost  all  the  current  will  go  to 


earth  at  the  fault,  unless  it  has  great  resistance,  in  which  case 
the  deflection  will  be  considerably  decreased. 

345.  Disconnection  and  earth  maybe  tested  for  by  instmctiug 
each  station  in  succession  to  send  you  a  current,  and  trying  if  it 
reaches  you.  This  method  is  not  certain,  as  many  persons  can 
unscrew  a  wire,  so  as  to  disconnect  it,  but  are  not  to  be  depended 
on  to  send  a  current    Besides  this — 

Disconnection  and  earth  also  are  not  always  total,  so  that 
a  feeble  current  may  reach  yon  bom  a  distant  station,  even 
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when  there  is  partial  earth  hetween  that  station  and  your  own, 
or  when  there  is  partial  disconnection. 

346.  If  yon  have  no  means  of  speaking  direct,  send  a  message 
hy  some  other  route,  instructing  the  station  to  disconnect  or  put 
earth  on  the  wire  at  a  certain  time,  for  five  (or  fewer)  minntes. 

Thus :  "  Disconnect circuit  from  10.20  to  10.25 :  say  if  you 

will  do  BO.    Time  10  A.M." 

The  reply  should  be,  "  I  will  disconnect circuit  from 

10.20  to  10.25  A.M.     Time  10.5  A.M." 

347.  Contact. — When  a  current  sent  on  one  wire  retnma  hy 
another,  and  moves  the  apparatus  connected  with  it,  disconnect 
one  of  the  instrument  wires  from  its  line-wires  at  the  test-box, 
and  send  a  current  from  the  instrument  key.  If  the  other  in- 
strument still  moves,  the  fault  is  in  the  ofBce,  and  may  be  traced 
by  successive  disconnections,  as  in  the  case  of  an  earth.  If  the 
contact  ceases,  the  fanlt  is  on  the  lina  Suppose  that  it  is  be- 
tween B  and  c. 

Disconnect  both  line-wires  at  the  test-box,  send  a  current  on 
one,  and  place  the  galvanometer  0  in  the  other. 


Fio.  83. 

Instruct  station  A  to  disconnect  either  of  the  two  wires,  and 
to  say  when  he  has  done  so  ;  the  deflection  will  cease,  showing 
the  fault  to  be  beyond  a.  Instruct  a  to  Join  up,  and  b  to  dis- 
connect ;  the  same  I'esult  will  follow. 

But  when  c  disconnects  (Fig.  84),  the  deflection  will  remain 
as  before,  or  be  slightly  less  if  the  fault  have  a  sensible  resistance, 

0  2 
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showing  that  C  is  Icyond  the  fault     Cnre  must,  of  course,  be 


Fio.  SI. 

taken  not  to  be  deceived  by  "woather  contact,"  or  the  ordinaiy 
leaki^e  of  one  wire  into  another. 

■  348.  Never  test  far  contact  by  having  the  earth  put  on  at'  tlt« 
testing  stations:  this  method  is  liable  to  great  error,  and  has  led 
to  mueh  incoiivenie)ici. 

If  a  vertf  good  «arth  be  put  on  heyond  the  fault,  and  very  near 
it,  it  may  cause  the  contact  to  disappear  almost  entirely,  because 
ttie  resistance  of  this  new  path  may  be  very  much  leas  than 
that  of  the  other  wire.  And  if  the  earth  be  imperfect,  and  be 
put  on  between  the  original  station  and  the  fault,  the  contact 
will  not  disappear;  especially  if  the  wires  be  clean,  so  that  the 
resistance  of  the  point  of  contact  is  but  slight,  or  if  the  wire 
beyond  it  i.^^  short. 

The  rcsi  itauce  will  certainly  be  decreased  in  a  measure,  and 
therefore  the  deflection  of  the  testing  galvaooraeter  ■will  be 
larger ;  but  unless  the  insti-ument  is  sensitive,  and  the  testing 
battery  not  strong  enough  to  deflect  the  neecle  to  its  full 
extent,  the  variation  in  the  resistance  of  the  circuit  may  escape 
notice. 

And,  moreover,  an  unskilled  person  may  be  trusted  to  discon- 
nect, but  not  to  put  earth  on. 

349.  When  a  contact  occurs  between  the  two  wires  of  a 
branch  line  forming  a  loop  of  the  main  circuit,  it  will  appear 
like  an  earth  to  the  stations  upon  the  branch,  while  the  other 
stations  would  report  inattention  at  branch  atationa,  because 
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they  would  be  able  to  speak  to  all  stations  except  those  on  the 
branch. 

350.  Intermittent  faults, — When  an  intermittent  fault  does 
not  continue  long  enough  to  be  tested  for,  let  the  faulty  wire 
be  crossed  at  your  station,  and  at  another,  with  a  good  wire, 
thus : — 


FAULTY  Wmt 

A 


>^ 


GOOOWIRf 

Fia.  85. 

If  the  fault  shifts  to  the  other  circuit,  it  will  lie  between 
A  and  B,  the  stations  at  which  the  wires  are  crossed. 

If  it  remains  on  the  same  circuit  as  before,  it  is  beyond  b. 

Let  the  wires  be  crossed  at  c,  and  put  straight  at  b,  and  so  on, 
station  by  station,  till  the  fault  shifts,  when  it  will  be  found 
between  the  two  stations  at  which  the  wires  were  last  crossed. 

To  cross  wires  means  to  interchange  them,  as  shown  in  the 
above  diagram.  To  put  wires  straight  is  to  restore  them  to 
their  original  places. 

351.  When  it  is  required  to  test  from  an  intermediate  sta- 
tion, the  first  step  is  to  put  the  earth  on,  first  on  one  side  the 
apparatus,  then  on  the  other,  in  order  to  find  which  section  is 
defective.  So  long  as  the  earth  is  on,  the  station  is,  in  fact, 
terminal,  and  the  previous  rules  apply. 

352.  When  the  section  of  the'line  in  which  the  fault  lies  has 
been  determined  by  one  of  the  preceding  methods,  it  can  gene- 
rally be  seen  by  the  line-man.  But  should  it  not  be  visible, 
it  must  be  tested  for  on  the  line,  thus : — > 

353.  To  test  for  earth : 

Let  an  inspector  put  a  current  on  at  the  station,  and  walk  out 
on  the  line  with  a  detector,  after  having  disconnected  the  wire 
at  the  other  end.  Let  the  detector  be  placed  between  wire 
and  earth ;  if  the  current  passes,  the  fault  will  be  still  farther 
distant  This  test  must  be  repeated  at  difibrent  points  until  the 
current  ceases  or  greatly 'diminishes.  If  the  weather  and  the 
insulation  be  bad,  allowance  must  be  .made  for  the  gradual 
weakening  of  the  current  caused  by  the  leakage  at  the  posts.  -.  . 
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Wlien  the  fault  is  passed,  the,  current  will  either  cease  alto- 
gether or  be  very  much  weakened. 

If  the  detector  offers  but  a  slight  resist-ance,  sufiScient  current 
may  pass  by  it  to  deflect  the  needle,  even  after  the  fault  has 
been  passed.  It  is  desirable,  therefore,  to  make  the  resistance 
of  thei  detector  greater  than  that  of  the  line  to  be  tested. 

Or  the  inspector  may  take  a  small  battery  on  the  line,  after 
having  insulated  the  circuit  at  both  ends ;  he  can  then  discon- 
nect at  any  convenient  place,  and  test  both  ways. 

354.  Disconnection  may  be  tested  for  in  a  similar  way,  by 
putting  earth  on  at  both  ends  of  the  wire,  instead  of  discon- 
necting it ;  or  a  current  may  be  put  on  at  the  station  and  sought 
for  with  a  detector,  as  in  the  previous  case,  taking  the  pre- 
caution to  insulate  the  distant  end  of  the  wire,  lest  another 
station  interfere  with  the  tests. 

The  inspector  may  arrange  with  the  clerk  in  charge  of  a 
station  to  disconnect,  to  put  earth  on,  or  to  make  a  test  at  a 
certain  fixed  time. 

When  a  fault  is  reported  to  exist  on  both  sides  of  a  station, 
it  is  almost  always  at  the  station  itself,  generally  in  the 
leading-in  wires. 

355.  It  is  evident  that  when  two  wires  are  faulty,  but  in 
different  sections,  the  good  portions  of  each  may  be  connected 
together,  and  the  defective  portions  disconnected,  so  as  to  form 
one  perfect  wire  out  of  the  two. 


Methods  of  Finding  thie  Distance  of  Faults. 

35G.  The  principle  upon  which  the  different  methods  of 
distance  testing  are  founded  is  the  finding  the  resistance  of  the 
line-wire,  between  the  testing  station  and  the  fault,  by  means 
of  the  Wheatstone's  balance,  or  the  differential  galvanometer 
and  the  resistance  coils. 

The  difficulties  which  present  themselves  are  the  varying 
resistance  of  the  fault  itself  and  the  absence  of  a  correct  deter- 
mination of  the  true  resistance  of  the  several  portions  of  the 
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circuit,  including,  as  many  circuits  do,  apparatus  and  portions 
of  wire  of  a  different  gauge  and  different  conductivity. 

K  periodical  testing  has  be^n  carefully  carried  out,  the  latter 
data  will  in  many  cases  have  been  accurately  determined,  but 
the  resistance  of  the  fault  will  vary  in  each  individual  case. 
An  earth,  for  instance,  may  vary  from  dead  earth  with  no  resis- 
tance to  a  resistance  equal  to  ten  miles  of  the  line-wire,  or  even 
more ;  however,  many  of  the  processes  to  be  described  are 
independent  of  this  resistance  altogether, 

357.  To  find  the  distance  of  an  earth.-^ThQ  loop*test  is  the  most 
accurate,  and  should  always  be  adopted  whenever  a  second  wire 
is  available,  because  it  is  not  affpcted  by  a  variation  in  the 
resistance  of  the  fault.  Shorten  the  length  to  be  tested  as 
much  as  possible,  and  let  all  the  instruments  in  circuit  be  taken 
out  Choose  a  good  wire,  one  free  from  fault,  and  similar,  it 
possible,  to  the  wire  to  be  tested.  Insulate  both  from  earth  at 
the  nearest  available  point  beyond  the  fault,  and  let  them  be 
connected  together  there  in  a  loop,  insulated  from  earth. 

Let  A  B  be  the  perfect  wire,  and  o  b  the  faulty  one,  connected 
together  at  B,  the  fault  being  an  earth  at  F. 

Two  tests  must  be  made,  the  first  to  find  the  resistance  of  the 
entii'e  loop ;  the  second  to  find  the  difference  in  resistance  of 
the  portions  on  either  side  of  the  fault,  or  how  much  must  be 
added  to  the  shorter  portion  to  make  its  resistance  equal  to  that 
of  the  longer. 

358.  To  test  h/ the  differmtiaL—(a)  Take  off  the  earth  at  the 
testing  station,  connect  one  end  of  the  loop  to  one  pole  of  the 
batteiy,  the  other  end  to  one  coil  of  the  differential    Connect 
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the  same  pole  of  the  battery  to  the  resistance  B,  the  other  end  of 
B  to  the  opposite  end  of  the  other  coil  of  the  differential,  and 
the  other  pole  of  the  battery  to  both  the  unoccupied  terminals 
of  the  differential,  so  that  the  current  may  divide  between  the 
loop  and  the  resistance  B,  passing  round  the  two  coils  of  the 
differential  in  opposite  directions.  Alter  the  resistance  of  B 
until  the  needle  is  balanced ;  the  reading  of  B  will  then  show 
the  resistance  of  the  loop. 

(i)  The  next  step  is  to  find  how  much  resistance  must  be 
added  to  the  faulty  wire  to  make  the  two  portions  of  the  loop, 
A  B  F  and  0  F,  balance  one  another. 

Put  the  copper  pole  of  the  battery  to  earth. 

Connect  the  zinc  to  the  termincd  of  one  of  the  coils  of  the 
differentia],  and  also  to  the  opposite  terminal  of  the  other  coil, 
by  a  short  and  thick  wire,  as  in  the  former  test. 

Connect  the  perfect  wire  A  b  to  the  unoccupied  terminal  of 
one  of  the  coils  of  the  differential 

Place  the  resistance  coils  B  between  the  faulty  wire  and  the 
remaining  terminal. 

The  positive  current  will  enter  the  wire  by  the  fault,  through 
the  earth,  and  will  divide  at  the  fault  F ;  as  the  distance  and 
resistance  between  o  and  f  is  less  than  that  between  a  and  F, 
the  current  in  o  F  will  overcome  that  in  a  b  F,  and  move  the 
needle.  Besistance  must  be  added  to  o  F  at  B,  until  the  needle 
no  longer  moves  when  contact  is  made  and  broken  repeatedly 
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y  f 
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with  the  battery  wire  z.    The  resistance  b  o  F  will  now  be  equal 

to  A  B  F. 
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Let  L  ^  the  resistance  of  the  whole  loop  A  b  f  o 

R  =  ,y  added  to  o  F  to  make  it  equal  to  a  b  f 

X  ^  „  the  longer  portion  A  b  <• 

„  y  =  „  the  shorter  portion  F  o 

Then  as  a?  +  y  ==  L,  and  y  +  R  =  a;, 
L  =  2  y  +  R,  and  y  =  L:^. 

o59.  If  the  resistance  of  the  wire  is  uniform  throughout,  y 
divided  by  the  resistance  per  mile  will  be  the  distance  of  the 
fault  from  the  testing  station :  that  is  to  say,  the  resistance  of 
the  loop  in  the  first  test  less  the  resistance  added  to  o  F  in  the 
second  test,  by  means  of  the  coils  R ;  and  divided  by  2,  is  the 
resistance  of  the  portion  o  f. 

Thus,  supposing  the  resistance  of  the  loop  to  be  1,000  ohms, 
and  that  100  ohms  have  been  added  to  the  faulty  wire  to 
balance  the  needle. 

Then ~ «  450  ohms,  the  resistance  of  the  i>ortion 

of  i\\e  faulty  wire  between  the  galvanometer  and  the  fault. 

If  the  loop  of  1,000  ohms  measures  120  miles ;  then  by  pro- 
portion, 1000  :  120  :  :  450  :  54  miles  the  distance  of  the  fault, 

120  X  450      .. 
or  — =  54. 

1000 

360.  We  have  here  supposed  the  resistance  to  be  uniform 
throughout  the  entire  circuit ;  but  if  a  part  of  the  line  differ  in 
resistance  from  the  rest,  as  when  there  are  buried  wires  or  thinner 
wire  over  houses,  the  resistance  of  each  part  must  be  calculated 
separately ;  in  fact,  the  resistance  of  each  part  of  the  circuit 
should  be  ascertained,  if  possible,  from  the  periodical  resistance 
tests,  for  no  two  samples  of  iron  or  copper  wire  agree  exactly  in 
conducting  power,  or  even  in  gauge.  For  instance,  suppose  that 
in  the  circuit  of  60  miles  there  is  a  mile  of  buried  wire  whose 
resistance  is  30  ohms^  next  the  testing  station,  the  remainder  of 
the  wire  having  a  resistance  of  10  ohms  per  mile ;  and  that  100 
ohms  have  been  added  to  the  shorter  arm  of  the  loop  to  balance 
the  needle,  the  total  resistance  of  the  loop  being  1,240  ohms; 
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this  total  resistance  would   then   be   composed    of    the  fol- 
lowing : — 

59  miles  of  10  ohms  =  590  ohms 


1  mUe    of  30     „      =    30      „ 


Total      .     ,     .     620 
which,  doubled  for  the  loop,  makes  t  =  1240  ohms 

K^    100 

then  — ^ —  =  570,  the  distaiice  of  the  fault  in  resistance. 

But  of  this  resistance,  1  mile  =  30  ohms,  leaving  540  ohms 
at  10  ohms  the  mile,  or  54  miles  of  ordinary  wire ;  adding  the 
1  mile  of  buried  wire,  gives  55  miles,  the  actual  distance. 

361.  If  R  is  not  sufficient  to  meastire  the  resistance,  that  coil  of 
the  differential  to  tehich  it  is  attached  may  be  shunted,  in  which 
case  the  readitig  ttiust  be  multiplied  by  the  value  of  the  shunt. 
For  instance,  if  the  shunt  be  equal  in  resistance  to  the  galvano- 
meter,  the  reading  must  be  doubled. 

362.  If  the  wire  used  to  form  the  loop  is  neither  of  the  same 
gauge  as  the  fatilty  wire,  nor  tinifortti  in  i^esistance  throughout^ 
the  test  will  still  be  correct  if  the  total  resistance  of  the  loop  is 
known,  because  the  object  of  the  test  is  to  find  how  much  re- 
sistance must  be  added  to  the  shorter  portion  of  the  loop  to  make 
it  equal  in  resistance  to  the  longer,  and  the  question  of  re* 
sistance  as  affecting  the  length  of  the  several  portions  of  the 
wire  appertains  to  the  shorter  portion  only  between  the  testing 
station  and  the  fault. 

363.  The  copper  pole  of  the  batteiy  is  put  to  earth,  and  as 
the  fault  itself  is  earth,  the  earth  acts  as  if  it  Were  a  wire  con- 
necting the  tiatteiy  with  the  fault  F.  The  ifesistance  of  the 
fault  will  therefore  not  afi'ect  the  test  except  so  far  as  to  alter 
the  battery  power  required  to  produce  a  sufficient  deflection 
of  the  galvanometer. 

364.  To  test  with  the  hi^d(je,-^{l.)  First  find  the  resistance  of 
the  loop  L,  then  (2),  the  resistaBce  of  the  portion  of  the  faulty 
wire  lying  between  the  testing  station  and  the  fault. 

(1.)  The  arms  A  and  c  may  generally  be  made  equal :  1,000 
ohms  in  each   will  be  found  a  convenient  resistance.     The 
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variable  resistance,  B,  by  which  the  balance  is  effect«d,  forms 
arm  B,  and  the  loop  L  the  fourth  arm  D. 

Then  by  the  law  of  the  bridge '  A  :  c  : :  B  ;  D,  so  that  D  = 


But  if  A  and  c  are  equal,  as  in  the  case  under  consideration, 
then  D  =  B ;  or  the  resistance  of  the  loop  is  read  directly  from 
the  resistance  coils  R. 

But  if  A  and  c  were  not  equal,  l  would  be  greater  or  less 
than  the  reading  of  r,  in  the  same  proportion  as  A  was  greater 

or  less  tban  c  ;  or  L  =  — — . 


(2.)  The  bridge  is  arranged  as  in  F^.  88  ; — 


Here  A  and  c  are  fixed  reaiatauces,  as  in  (1);  D  the  longer 
portion  of  the  loop ;  /  the  fault.  B  is  made  up  of  x  the  shorter 
portion  of  the  loop,  and  of  ii,  the  resistance  to  be  added  to  it  to 
balance  the  longer  portion. 

Then  ^  ^  ~  "—  =-  x,  the  dktanee  from  the  testing  station  to 

A  +  C  ' 

the  fault. 

Let  L  =  1500,   R   (the  reading  of  the  resistance  coila  in  b) 

■  Set  th*  DOt«  at  th*  end  of  the  cb«pt«r. 
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=  1 3900,  A  ^  lOOU  and  0  =  100 ;  tben,  substituting  theae  figures 
tor  the  letters  in  tbe  fonuula,  we  have 

<"""""S;'ioo "'"""'  - 1»». "» '•-'«-»  "f "« '•»''• 

But  if  A  and  c  are  equal,  as  wiU  generally  be  the  case,  1,000 
ID  each  being,  as  in  (1),  a  convenient  resistance,  the  formula  is 

ranch  more  simple ;  for  then  — = —  =  x. 

Id  the  example  last  given,  the  reading  of  B,  the  difference  of 
resistance  between  the  two  portions  of  the  loop,  will  now  be 

1300,  ..d"'"';'^"''- 100. 

(3.)  Tbe  bridge  may  be  so  arranged  as  to  show  the  ratio 
which  tbe  portions  of  the  loop  on  either  side  the  fault  bear  one 
to 'the  other.  In  order  to  obtain  a  large  range  of  resistance,  the 
amis  A  and  c  are  constructed  of  sets  of  coils  similar  to  those 
used  in  arm  B. 

The  arrangement  is  shown  by  Fig.  Sd,  D  being  the  longer 
portion,  and  b  the  shorter  portion  of  the  loop. 


Fra,  SB. 

The  copper  pole  of  the  lattery  is  put  to  earth. 

Then  B  =     ^^  . 
A+c 

For  example,  let  L  be  1,500,  and  let  the  resistances  of  A  and 
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c,  when  a  balance  has  been  obtained,  be  70  and  980  respectively ; 
then 

70  f  980  :  1500  :  :  70  :  B 

B  =  l|00_x70  =  100 
70  +  980 

as  in  the  previous  example.    For  as  B  and  D,  which  together 

make  up  the  entire  loop  of  1,500,  are  in  the  proportion  of  1  to 

14  (100  to  1400),  A  and  o  must  be  in  the  same  proportion  also. 

(70  X  14  =  980.) 

365.  TFhen  a  second  xmrc  is  not  available,  the  approximate 
distance  of  a  fault  may  be  found  by  testing  from  each  of  tlie 
stations  at  the  extremities  of  the  faulty  length.  But  as  tlic 
resistance  of  the  fault  itself  is  included  in  both  tests,  and  may 
vary  in  the  interval  between  the  tests,  the  method  is  not  as 
certain  as  the  last-mentioned. 

Let  the  wire  be  tCtSted  at  each  end  in  turn,  while  disconnected 
at  the  other;  each  test  will  give  the  resistance  of  the  wire 
between  the  testing  station  and  the  fault,  plvs  the  resistance  of 
f  he  fault  itself  To  find  the  resistance  of  the  wire  between  either 
station  and  the  fault,  add  the  resistance  found  by  the  test  made 
at  that  station  to  the  resistance  of  the  line. between  the  stations 
when  perfect,  deduct  the  test  made  at  the  distant  station,  and 
divide  the  result  by  2. 

It  will  readily  be  seen  that  .as  both  tests  make  the  distance 
too  great  by  the  amount  of  resistance  in  the  fault  itself,  if  we  add 
too  much  in  the  first  case,  and  in  the  second  deduct  exactly  aii 
equal  amount  too  much  ;  we  get  rid  of  the  resistance  of  the  fault 
although  we  do  not  know  what  is.  We  can  easily  find  it  if  we 
please,  but  it  is  not  necessary  to  do  so. 

If  A  and  B  are  the  stations,  a  the  test  made  by  A,  the  wire 
being  disconnected  at  b;  6  the  test  made  by  b  when  a  has  dis- 
connected ;  L  the  resistance  of  the  wire  itself  as  ascertained  by 

the  periodical  tests, if-—  ^^^^  ^®  ^^®  resistance  between  a 

and  the  fault,  which  can  be  reduced  into  mUes  by  proportion, 

should  the  wire  be  uniform  throughout;  and  *"      the 

resistance  between  B  and  the  fault. 
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366.  The  following  method  is  not  so  accurate  as  either  of 
the  former,  and  is  not  independent  of  the  resistance  of  the 
fault. 

(1.)  Let  the  wire  be  disconnected  at  the  first  station  beyond 
the  fault ;  measure  its  resistance. 

(2.)  Let  it  be  put  to  earth  at  the  same  station,  again  measure 
the  resistance,  which  will  be  less  than  before,  because  there  are 
now  two  roads  open  to  the  current,  viz.  the  fault,  and  the  wire 
beyond  the  fault. 

(3.)  Subtract  the  second  resistance  from  the  first. 

(4.)  Subtract  the  resistance  when  put  to  earth  (2)  from  that 
of  the  wire  when  in  good  order,  as  given  by  the  record  of 
periodical  tests. 

(5.)  Multiply  these  two  remainders  (3  and  4)  together,  and 
extract  the  square  root  of  their  product  Subtract  this  square 
root  from  the  resistance  when  put  to  earth  (2),  and  the  remainder 
will  be  the  resistance  of  the  wire  between  the  testing  station 
and  the  fault. 

For  example :  Suppose  there  is  a  partial  earth  on  the  line 
whose  resistance,  when  in  good  order,  ia  280  ohms ; 

(1.)  And  that  the  resistance  when  disconnected  =  400  ohms 
(2.)  When  put  to  earth .     .  =  240 


(3.)  Difference =  160 

(4.)  And  the  difference  between  240  and  280  is  =    40 


(5.)  The  two  remainders  multiplied    .     •    .     .  =  6400 


9f 


The  square  root  of  6,400  is  80  (80  x  80  =  6400),  which  de- 
ducted from  the  resistance  when  put  to  earth,  leaves  160  units 
as  the  resistance  of  the  wire  between  the  testing  station  and 
the  fault. 

Tlie  principle  of  this  test  is  this — 

Wlien  the  wire  is  disco-nnected  at  the  distant  end,  the  current 
which  leaves  the  battery  will  go  to  earth  at  the  fault,  and  the 
resistance  (r)  found  by  the  test  (1)  will  be  that  of  the  wire  (x) 
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between  the  galvanometer  and  the  fault,  added  to  that  of  the 

fault  itself  (z); 

Therefore  r  =  x  +  z     (Fig.  90.) 


Fig.  90. 


When  there  is  dead  earth — that  is,  a  fanlt  offering  no  resist- 
ance— the  wire  will  test  precisely  the  same  whether  disconnected 
or  not,  and  its  resistance  will  give  the  distance  of  the  fault 
at  once.     Here  ^  =  0,  apd  therefore  x=-r. 


Fio.  91, 

"When  the  wire  is  (o  earth  at  the  distant  end  (Fig.  91),  the 
current  will  divide  itself  between  the  fault  and  the  wire  beyond 
the  fault.  The  resistance  (r')  found  by  test  (2)  will  be  that 
of  the^wire  (x)  between  the  galvanometer  and  the  fault,  and 
the  joint  resistance  of  the  fault  (2;)  and  the  wire  (?/)  beyond 

the  fault,  0Tr'  =  x  +  -'1--  (242). 

And  when  the  wire  is  in  good  order,  its  resistance  (Z)  is,  of 
course,  that  of  its  two  parts,  x  and  y. 
Then  r  ==  x  +  z.  L  =  x  +  y. 

367.  JZV  ^nd  the    distance  of  a  eontact, — The   two  wires  in 
contact  will  be  of  course  looped  at  the  point  of  contact ;  and 
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provided  tliey  are  clean  and  are  eo  twisted  that  the  junction 
offers  no  resistance,  may  be  disconnected  at  the  nearest  point 
and  tested  as  a  loop  for  resistance;  half  this  resistance  will 
then  be  the  resistance  of  the  wire  between  the  galvaaometer 
and  the  fault,  and  from  it  the  distance  can  be  calculated  in  the 
laaniier  already  explained. 

368.  But  it  is  seldom  that  a  metallic  contact  ig  perfect,  nor 
can  it  be  known  with  certainty  whether  the  junction  of  the  two 
wires  offers  resistance  or  not.  It  is  better,  therefore,  to  treat  the 
fault  as  an  eaHh,  and  to  test  one  of  the  wires,  or  both  in 
turn,  for  earth,  by  one  of  the  methods  ah-eady  described,  nsing 
the  other  ae  a  hattery-wire. 

The  most  convenient  bridge-test  will  be  a  modification  of  (3) 
page  204 ;  for  as  the  distance  of  the  contact  is  yet  unknown,  the 
tester  cannot  decide  beforehand  which  is  the  longer  and  which 
the  shorter  portion  of  the  loop. 

Two  wires,  g  v  k,  and  I  t  m,  suspended  on  the  same  poles, 
are  in  contact  at  F  (Fig.  92).  The  resistance  Loilv  mis  first 
found,  or  obtained  from  the  record  of  periodical  tests. 

The  arms  A  and  c  are  arranged  as  in  test  (3),  the  distant  end, 
h,  oi  gJ  h  16  disconnected  at  the  distant  station ;  the  nearer 
portion  gTia  nsed  as  a  battery-wire  between  the  testing  station 
and  the  fault  F. 
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The  portion  f  F  of  tlie  second  wire,  that  is  the  portion  lyirg 
between  the  testing  station  and  the  fault,  foiius  the  aim  d.  Tlie 
end  m  is  pul  to  earth  at  the  distant  station,  the  point  of  junc- 
tion between  the  arms  a  and  b  is  also  put  to  earth ;  this  being 
so,  the  arm  B  is  formed  of  the  distant  portion,  r  m,  of  the 
second  wire,  and  the  earth  between  the  two  stations  whose  re- 
sistance is  nothing.  B  is  then  virtually  composed  of  the  distant 
portion  of  the  wire  alone. 

When  a  balance  has  been  obtained  by  the  adjustment  of  the 
resistances  in  a  and  c,  the  value  of  m  p  (b)  is  found  hy  tha 
formula  b  =  -     —  as  in  bridge-test  (3). 

The  places  of  the  two  wires  may  be  exchanged,  and  the  dis: 
tance  found  hy  testing  y  P  A,  as  a  check. 

369.  The  differential  galvanometer  may  be  used  thus  (Fig.  93) 
— ^The  two  wires  J?/ A,  and  Ifm  are  in  contact  at/,  the  end  A 
of  the  first  is  disconnected  at  the  distant  station,  and  the  end  m 
of  the  second  is  put  to  earth  there  ;  the  portion  g/  of  the  first 
wire  is  used  as  a  battery-wire  as  when  testing  by  the  bridge. 

Connect  one  end  of  each  of  tlie  galvanometer  coils  to  the 
copper  of  the  battery,  the  opposite  end  of  one  of  the  coils  to 
earth,  the  opposite  end  of  the  other  coil  to  the  end  /  of  the 
second  wire,  and  the  zinc  to  the  end  j  of  the  first  wiio,  whose 
distant  end.  A,  is  disconnected 
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The  current  flowing  along  the  battery-wire  ///will  divide  at 
f,  one  portion  passing  forward  to  earth  at  the  distant  end  of  M, 
and  reaching  the  galvanometer  through  that  coil  which  is  con- 
nected to  earth ;  the  other  part  will  return  to  the  galvanometer 
through  the  nearer  portion  of  N.  No  part  of  the  current  will 
flow  through  f  h  to  the  distant  station,  because  the  wire  is 
insulated  there. 

If  the  fault  is  exactly  in  the  centre  of  the  wire  1/  m,  the 
galvanometer  needle  will  not  move,  as  the  currents  in  the  coils 
will  balance  one  another ;  but  if  one  section  is  longer  than  the 
other,  resistance  must  be  added  between  the  wire  and  the  gal- 
vanometer, or  between  galvanometer  and  eartk  If  the  fault  is 
on  the  near  side  the  centre  of  the  line,  resistance  will  be  added 
to  the  wire  at  I ;  if  on  the  distant  side  the  centre,  the  resistance 
will  be  placed  between  galvanometer  and  earth,  for  this  will  be 
tantamount  to  adding  it  to  the  distant  portion  of  Z/m,  which 
is  itself  to  earth  at  the  distant  station. 

Tlie  resistance  which  it  may  be  necessary  to  add  to  the 
shorter  section  to  balance  the  needle  will  indicate  by  how  much 
its  resistance  is  less  than  that  of  the  longer  section.  Let  L  be  the 
total  resistance,  x  that  of  the  shorter  portion,  x  —  oj  that  of  the 
longer,  and  n  the  resistance  added  to  the  shorter ; 

Then  a;  =  :^-^ 

Or  subtract  the  resistance  placed  in  the  shorter  section  from  the 
total  resistance  of  the  wire,  and  divide  by  2. 

XOTK. 

370.  (a)  Formula  ^^i-Tli.^  =  x,  bridge-test  (2).  Page  203. 

A  -|-  C 

Let  D  be  the  resistance  of  the  arm  D,  or  the  longer  portion  of 
the  loop ;  x  the  resistance  of  the  shorter  portion ;  r  the  reading 
of  the  resistance  coils  after  a  balance  has  been  obtained,  which 
resistance,  together  with  x,  makes  up  the  arm  b  (Fig.  88); 
A  and  c  the  fixed  resistances  of  the  bridge ;  and  l  the  resistance 
of  the  whole  loop,  then — 

B-=n  +  X 

p  5=  I,  —  or 
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and  as  A  :  c  :  :  B  :  D  or  A  D  =  C  B ; 

substituting  the  values  of  B  and  D,  A  (l  -  a:)  =  c  (b  +  x) 

and      ^^-^g  =  :r. 

A  +  C 

Again,  when  A  and  c  are  equal,  the  letter  A  may  replace  c 

the  formula  now  reads   ^  ^  ~ or  ^  ""  ^  =  x. 

A  +  A  2 

(&.)  Formula  — -~  in  bridge-test  (3).     Page  204. 

A   "T"  C 

A  balance  having  been  obtained, 

but  B  +  D  =  L  the  total  resistance  of  the  loop ; 
therefore  D  =•  L  —  B,  and  A  :  c  :  :  B  :  L  -  B ; 

AL-AB  =  BC  and  AL=:BC-fAB, 

A  L  =  B  (a  -h  c)  and  b  =  -A^_ 
^        ^  a  +  c. 

Suppose  L  =  1500,  A  7  and  c  8.  Now  L  is  to  be  divided 
into  two  portions,  which  must  in  this  case  be  in  the  proportion 
of  7  to  8.  We  divide  it  into  15  (7  +  8),  equal  parts,  and  appor- 
tion 7  of  these  parts  to  the  portion  which  bears  a  relation  to  a, 
for  the  distance  of  the  fault. 
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371.  Line. — The  wire  connecting  one  station  with  another. 

CircwU. — The  wires,  instruments,  &c.,  forming  the  path  for 
the  passage  of  the  current. 

ZoecU  circuit. — One  which  includes  only  the  apparatus  in  the 
office,  and  is  closed  by  a  relay  actuated  by  the  line  current. 

Loeal  battery. — The  battery  of  a  local  circuit. 

Line  battery. — The  battery  from  which  signalling  currents  are 
sent  out  to  line. 

p  2 
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Metallic  circuit, — ^WTien  a  retum-wire  is  used  instead  of  the 
earth,  as  in  the  case  when  two  wires  are  looped. 

Earth  currents, — Tliis  term  is  used  to  indicate  the  spontaneous 
currents  in  wires  which  appear  to  be  caused  by  currents  flowing 
from  one  part  of  the  earth  to  another.  These  earth  currents 
were  formerly  called  "  deflections." 

DejUction, — ^The  angle  or  number  of  degrees  through  which 
the  needle  of  a  galvanometer  moves  when  a  current  is  passing 
through  the  coils. 

Full  dpfiection, — When  the  needle  is  deflected  to  the  full 
extent  of  its  scale. 

Terminals. — ^The  screws  of  instniments,  batteries,  or  test- 
boxes,  to  which  the  wires  are  connected. 

Shunt. — ^A  wire  connected  across  the  terminals  of  a  coil,  so  as 
to  divert  a  portion  of  the  current. 

Return  current. — The  inductive  discharge  from  a  cable  or 
underground  wire. 

Reverse  current, — ^A  current  in  an  opposite  direction  to  that 
used  for  producing  a  signal,  or  mark, 

Reversals, — A  si^ccession  of  alternate  positive  and  negative 
currents. 

To  reverse  a  current. — To  change  its  direction. 

To  reverse  a  lattery, — To  turn  it  end  for  end,  so  as  to  reverse 
the  current  in  a  circuit. 

To  short  circuit  a  faulty  haJLtery  cell, — To  join  together  the 
plates  on  each  side  of  the  faulty  cell  by  a  piece  of  wire. 

To  short  circiUt  an  instrument, — To  connect  the  "up"  and 
"  down "  terminals  together  by  a  piece  of  wire,  so  as  to  shunt 
the  whole  current  from  it^ 

To  put  to  earth. — To  connect  any  wire  or  teriflinal  to  the 
earth-wire  at  the  test-box. 

To  make,  or  find,  earth. — To  be  connected  to  earth.  A  wire 
connected  to  earth  is  frequently  marked  thus  -> .. 

To  disconnect  or  cut  a  wire. — To  take  a  wire  off  its  terminal  so 
as  to  break  the  circuit,  leaving  the  wire  insulated. 

To  connect  up,  or  Join  up,  a  wire, — To  replace  a  wire  which 
has  been  disconnected. 

To  loop  two  wires, — To  disconnect  them  from  their  ordinary 
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places,  and  join  them  together,  thus  forming  a  circuit  entirely 
metallic,  so  that  a  current  sent  from  a  station  on  one  wire  may 
return  to  it  by  the  other,  and  not  by  the  earth. 


THESE  TWO    WIRES 
ARE  USCOKMiCTED 


THESE  TWO    WtRES 
AftE  LOOPED 


Fio.  94. 

To  cross  ivires. — To  interchange  them  as  shown  by  the  diagram 
below— ^ 


2 


HERE  li/^  /  AND  a  ARE  CROSSED 


Fig.  95. ; 

A  service  message  to  cross  two  wires  should  simply  state  the 
numbers  or  names  of  the  wires  to  be  crossed :  and  the  reply  to 
any  service  message  requiring  an  alteration  of  the  wires  should 
state  exactly  what  has  been  done,  thus  ; — 

Message :  "  Cross  JTos.  1  and  2." — Beply :  "  Nos.  1  and  2 
crossed." 

To  put  wires  straight, — To  restore  the  ordinary  arrangement 
of  the  wires,  or  instruments. 

All  changes  should  be  made  at  the  testing-box  and  not  at  the 
instrument. 

To  take  the  constant  of  a  galvanometer. — To  ascertain  what 
deflection  the  battery  used  for  testing  would  give  upon  the 
galvanometer  through  a  certain  fixed  or  constant  resistance, 
such  as  the  so-called  standard  resistance  coil.    320. 


Fig  96. 
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To  shaxMc  a  vrire. — ^To  cut  it  and  place  an  insulator  between 
the  ends. 

Modes  of  connecting  the  mres  for  testing  with  an  ordinary  gal- 
vanometer.— For  insulation  or  earth,  or  to  send  a  current  on  the 
line : — 


LINE 


Fig.  97. 


For  contact  between  two  wires ; — 


Fio.  98. 


To  receive  a  current  from  another  station  : — 


LINL 


Fio.  99. 


Copper  always  to  earth.     Zinc  to  line. 


PART  IX. 

INSTRUMENXa  FOB  SIGNALLING. 
THE  NBEDLB  INSTBUMENT. 

372.  The  needle  instrument  is  simply  a  vertical  galvanometer 
(120),  with  a  key  or  apparatus  for  placing  a  battery  in  circuit, 
and  for  reversing  the  current. 

The  lower  end  of  the  inside  needle  is  a  north  pole,  and  the 
coils  are  wound  so  that  if  the  copper  of  a  battery  be  con- 
nected to  the  left,  and  the  zinc  to  the  right-hand  terminal^  the 
top  of  the  needle  will  move  to  the  right. 

The  key,  when  pressed,  disconnects  the  line-wire  from  the  coil, 
and  places  the  battery  in  the  opening  thus  formed  When  the 
key  is  at  rest,  the  line-circuit  is  continuous,  and  the  battery  out 
of  circuit.  By  reversing  its  position  it  reverses  the  position  of 
the  poles  of  the  battery  with  respect  to  the  divided  ends  of  the 
line-wire. 

The  keys  of  the  older  needle  instruments  are  constructed  as 
shown  in  the  cuts ;  the  newer  form  is  a  pair  of  levers ;  the 
principle  of  both  is  identical. 

373.  When  several  instruments  are  connected  in  circuit,  the 
wire  connected  to  the  right  hand  of  the  coil  in  the  first  must  be 
joined  to  the  left  hand  of  the  coil  in  the  second,  and  so  on ;  so 
that  the  current  may  flow  always  in  the  same  direction,  for  the 
direction  of  the  movement  of  the  needles  depends  on  the  direc- 
tion of  the  current  (116). 

Take  three  instruments,  1,  2,  and  3.  If  the  left  side  of  the 
coil  1  be  connected  to  the  earth,  and  the  right  to  the  line- wire 
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leading  to  2,  then,  to  make  the  current  traverse  the  coil  2  in  the 
same  direction,  it  must  enter  at  the  left,  and  leave  by  the  right; 
and  tlie  line  wire  coming  in  from   must  be  connected  to  th3 
left  side  of  the  coil  at  3,  which,  being  the  terminal  station,  must 
have  the  right  side  of  its  coil  Connected  to  the  earth. 

Thus,  the  up'Stdiiion  earth  and  all  the  up-wirea  are  connected 
to  the  left,  the  down-atation  earth  and  all  the  down-v>'iTes  to  the 
right,  and  vide  vcrsd-. 


Fib.  loo. 


The  principle  is  the  samts,  however  the  instrument  may  be 
arranged. 

In  fixing  needle  instruments  the  practical  rules  are  : — 

Connect  the  instrument  so  that  when  on  short  circuit  {i.e. 
when  the  two  line  terminals  are  connected  by  a  short  wire)  the 
needles  move  in  the  same  direction  as  the  handles  or  keys. 

After  connecting  up  an  additional  instrument  on  a  circuit, 
give  the  test  signals  £  T  slowly,  making  a  long  pause  after  T,  to 
separate  each  pair  of  signals,  and  to  show  when  the  group  is 
commenced,  until  some  station  sees  the  signals  and  repeats 
theni. 

If  they  ar6  not  i'epeated  correctlyv  your  wires  are  wrongly 
connected,  and  must  be  altered  until  the  signals  are  received 
accurately  on  your  own  dial.  If  you  receive  T  e,  your  line  and 
earth-wires  must  be  reversed. 

Whenever  unintelligible  signals  ate  i'eceived,  the  test  signals 
should  always  be  given,  in  order  that  the  distant  station  may 
liave  a  chance  of  communicating  by  altering  its  wires,  or  that 
you  may  see  what  is  wrong,  and  alter  your  own  wires  so  as 
to  give  any  necessary  instructions. 
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If,  after  connecting  two  instraments  according  to  the  previous 
instructions,  the  needles  move  in  opposite  directions>  either  the 
coils  of  one  have  been  wound  in  a  reverse  direction,  or  the 
polarity  of  one  of  the  needles  has  been  changed^ 

374.  If  the  line-wires  of  one  of  the  instruments  are  reversed, 
the  signals  received  at  that  station  will  be  reversed  also ;  for- 
warded signals  will  be  read  correctly  on  its  own  dial,  but  will  be 
reversed  at  other  stations.  If  the  battery- wires  are  reversed  and 
the  line-wires  correctly  connected,  signals  will  be  received  cor- 
rectly at  the  station ;  but  those  fonoarded  by  it  will  be  reversedy 
and  the  needles  on  its  dial  will  move  in  the  opposite  direction 
to  the  handles.  If  both  line  and  batteries  are  wrongly  con- 
nected, received  signals  will  be  reversed,  but 'other  stations  will 
be  able  to  read,  because  the  effect  of  reversing  the  line  is  coun- 
teracted by  the  reversal  of  the  batteries.  The  needle  will  still 
move  in  an  opposite  direction  to  the  handles.  It  is  evident  that 
no  alteration  of  the  batteiy  wires  can  affect  received  signals. 

375.  The  faults  to  which  the  needle  instrument  is  sulgect 
are: — 

(1.)  Demagnetization  by  lightning,  or  the  absence  of  wiiat  is 
called  retentive  power  in  the  needle,  causing  the  signals  to 
become  weak  or  to  cease  altogether. 

(2.)  Reversal,  when  the  poles  of  the  needle  are  changed  by 
lightning,  and  the  signals  appear  reversed,  as  if  the  batteries 
were  wrongly  connected.  In  both  these  cases  the  needle  must 
be  re-magnetized  (106),  and  in  effecting  this  care  must  be  taken 
not  to  bend  the  pivotsv 

These  faults  can  be  discovered  by  putting  the  instrument  on 
short  circuit. 

In  the  most  recent  instruments  the  magnetized  steel  needle  is 
replaced  by  one  of  soft  iron  magnetized  by  induction  from  a 
strong  permanently  magnetized  steel-bar,  placed  outside  the  coil. 
If  well  made  they  are  very  seldom  demagnetized,  and  are  never 
reversed. 

(3.)  When  the  needle  can  be  moved  in  one  direction  only, 
one  pole  of  the  battery  at  the  station  has  become  permanently 
connected  to  the  earth,  from  damp  in  the  battery  room,  accidental 
contact  of  a  battery  wire  or  plate  with  the  earth,  or  a  contact 
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between  one  of  the  l^attery  connections  inside  the  instrument 
and  the  earth  or  line,  caused  by  metal-dust  worn  from  the  pins 
or  bearings,  dirt  and  oil,  or  pieces  of  coil  wire  broken  off.  In 
the  case  of  earth  on  the  battery  wire  or  battery,  the  needle  can 
be  moved  one  way  when  the  faulty  battery-wire  is  disconnected 
from  the  instrument  If  the  needle  can  be  moved  when  either 
battery-wire  is  off,  both  wires  make  earth. 

(4)  One  station  is  able  to  speak  to  all  the  rest,  but  no  other 
station  can  give  a  signal  This  fault  will  be  found  at  the  station 
which  is  able  to  work,  and  is  caused  by  the  circuit  being  broken 
by  dirt  on  the  points  on  which  the  line-springs  rest.  Moving 
the  handle  or  key  of  the  faulty  instrument  removes  the  spring 
from  the  points  on  which  it  rests,  and  completes  the  circuit 
through  the  battery,  so  that  signals  can  be  serU ;  but  in  order  to 
receive,  the  circuit  must  be  re-established  at  the  points.  The 
dirt  prevents  this.  A  case  has  occurred  in  which  communica- 
tion was  restored  by  burning  up  this  dirt  by  a  powerful  current 
sent  on  the  line  from  another  station. 

(5.)  Signals  are  uncertain :  they  sometimes  miss.  A  battery 
plate  is  defective,  or  a  connection  is  loose,  and  the  jar,  caused  by 
moving  the  key,  breaks  the  circuit :  the  battery-pins,  or  the 
springs  or  blocks  on  which  they  rub,  are  dirty  or  rusty.  "When 
one  side  of  the  battery-pin  is  dirty,  and  the  other  clean,  the 
needle  can  only  be  moved  one  way.  Bad  oil  frequerUly  causes 
this  class  of  faults, 

(6.)  Signals  can  be  sent  only  when  the  handle  is  moved  very 
gently,  and  when  sent  fail  if  a  little  extra  pressure  is  applied. 
The  cause  is  a  defective  connection,  which  is  broken  by  the  extra 
pressure. 

The  fault  is  readily  found  by  holding  the  handle  in  such  a 
manner  as  to  cause  the  signals  to  fail — ^that  is,  so  as  to  break 
the  circuit — and  connecting  the  points  of  contact,  one  by  one, 
by  a  knife  or  a  bent  wire,  until  a  part  is  found  on  touching 
which  the  needle  moves,  showing  that  the  fault  has  been 
bridged  over. 

(7.)  The  needle  sticks  to  the  ivory  pins.  Wipe  them  care- 
fully with  a  diy  handkerchief,  or  rub  the  edge  of  the  needle 
with  a  black-lead  pencil.     The  needle  is  not  free  to  move  in 
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the  coib,  or  the  pivots  are  too  tight  or  bent ;    exaiuine  them, 
and  make  the  necessary  adjustments. 

(8.)  The  needle  moves  in  an  opposite  direction  to  that  of  the 
handle  of  the  instrument.  The  batteries  may  be  reversed ;  the 
needle  reversed  by  lightning ;  or  the  coil  wires  crossed. 

Examine  the  battery  wires  and  the  coils ;  see  if  the  K  pole 
of  a  magnet  repels  the  lower  end  of  the  needle,  as  it  ought 
to  do. 

(9.)  Sometimes,  in  instruments  fitted  with  the  handle  key, 
one  of  the  spiral  springs  which  secures  the  connection  of  the 
battery  with  the  barrel  is  bent,  so  that,  when  the  handle  is 
moved,  it  connects  one  pole  of  the  battery  to  the  line  or  earth, 
and  thus  puts  it  on  short  circuit. 

(10.)  Levers  or  handles  stifif  in  their  bearings  causing  occa- 
sional disconnection. 

If  the  interruption  ceases  when  one  particular  station  works, 
call  that  station  if  possible  ;  if  not,  call  every  station  you  can, 
and  ask  each  to  look  at  his  handle  or  key.  Too  great  care 
cannot  be  taken  to  make  the  keys  work  freely,  and  to  prevent 
wear  by  careful  oiling  with  best  salad  oil.  When  the  barrel  of 
the  handle-key  has  two  bearings,  the  handles  are  very  apt  to 
become  stiff  from  the  warping  of  the  wood. 

(11.)  Wire  broken  inside  percha,  especially  when  the  instru- 
ment is  not  screwed  down. 

(12.)  Wires  connected,  when  two  or  more  are  fixed  down  by 
the  same  staple,  which  cuts  through  the  percha. 

(13.)  Coils  fused  by  lightning,  or  coil  wire  broken.  In  this 
case  the  needle  will  not  move  on  short  circuit,  or  when  the 
line  terminals  are  connected  by  a  wire ;  even  after  it  has  been 
re-magnetised. 

If  there  are  no  spare  coils  to  replace  those  which  are  damaged, 
the  following  temporary  expedients  may  be  adopted : — If  one 
half  the  coil  is  defective,  remove  it,  and  connect  the  terminal 
to  which  its  wire  was  fixed  to  the  bar  on  which  the  coils 
slide,  leaving  the  remaining  half  in  circuit.  If  both  halves 
are  useless,  take  one-haK  of  the  other  pair  of  coils,  completing 
the  circuit,  as  in  the  former  case,  by  connecting  the  terminals 
left  vacant  to  their  respective  frames.    The  signals  will  be  weak, 
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but  readable.    If  both  sets  are  damaged,  connect  the  coil  termi- 
nals across,  so  as  to  enable  the  rest  of  the  circuit  to  be  used. 

(14.)  Cross  movement  of  the  iieedles  of  a  double  needle  in- 
strument. Although  this  form  of  needle  instrument  has  almost 
become  extinct,  it  may  be  well  to  retain  the  following  para- 
graph, inasmuch  as  it  may  be  useful  in  showing  the  course  of 
the  current  when  two  wires  touch,  and  therefore  help  in  tracing 
a  contact  between  two  lines  of  single  needle  instruments. 

When  the  wires  of  a  double  needle  circuit  are  in  contact,  if 
one  of  the  handles  of  an  instrument  is  moved,  it  will  make  the 
needles  of  the  sending  instrument  converge,  and  move  both 
needles  of  the  other  stations,  making  them  either  convergent  or 
parallel 

Suppose  the  left  handle  is  moved  to  the  left,  as  if  to  make 
£,  the  current  will  divide  at  the  point  of  contact  among  all 
the  channels  open  to  it ;  part  will'  continue  along  the  wire  on 
which  it  was  sent,  part  will  pass  into  the  second  wire,  and 
flow  along  it  to  the  earth  at  each  end,  travelling  back  through 
the  sending  station  to  earth,  and  through  the  stations  beyond 
the  fault  to  earth.  The  current  in  the  second  wire  will  travel  in 
the  same  direction  as  in  the  first  to  the  earth  beyond  the  fault, 
and  in  a  reverse  direction  to  the  earth  on  the  same  side  as  the 
sending  station.  Thus  the  needles  of  all  stations  on  the  same 
side  of  the  fault  as  the  sending  station,  will  converge;  and  those 
beyond  the  fault  move  in  parallel  directions. 
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By  calling  the  several  stations,  and  getting  them  to  move 
their  needles,  left  right,  left  right,  you  may  find  with  certainty 
between  which  stations  the  fault  lies.     Call  the  middle  one  :  if 


ACOUSTIC  TELEGBAPHS.  221 

your  own  needles  converge,  the  fault  is  beyond  that  station.  Call 
the  other  stations  beyond  in  succession  until  you  find  one  which 
causes  your  needles  to  move  parallel.  This  station  is  on  the 
opposite  side  of  the  fault  to  those  which  cause  convergent 
movements. 

There  is  but  one  exception  ;  when  every  station  gives  z  Q  z  Q 
for  +  E  H  N,  that  is,  cause  your  needles  to  converge,  the  earth  is 
defective  at  one  of  the  terminal  stations* 

376.  The  signals  of  the  needle-instrument  are  movements  of 
the  needle  to  the  right  or  left,  They  are  now  so  arranged  that 
the  dash  of  the  Morse  alphabet  shall  be  represented  by  a  move- 
ment to  the  right,  the  dot  by  a  movement  to  the  left. 

The  movements  of  the  needles  are  limited  by  stops  fixed  in 
the  dial  plate ;  the  instrument  is,  in  fact,  a  galvanometer  with 
a  reversing  key.  Tlie  inner  needle,  that  which  is  placed  inside 
the  coil,  is  about  an  inch  i^  length,  tl^e  north  pole  downward ; 
care  is  required  in  balancing  it  that  it  may  not  rebound 
from  the  limiting  stops,  or  vibirata  too  quiickly  so  as  to  confuse 
the  signals. 

The  coils  are  wound  with  wire  of  S  mils,  to  a  resistance  of 
about  200  ohms. 

377.  The  use  of  the  needle-instrument  Is  confined  to  England, 
yet  its  advantages  for  circuits  of  moderate  traffic  merit  a  wider 
use.  It  is  less  liable  to  get  out  of  order  than  any  other  form  of 
telegraph ;  there  are  no  adjustments,  so  that  no  skill  whatever 
is  required  in  its  management ;  and  its  signals  are  legible  until 
the  current  itself  fails. 
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378.  The  visual  signals  of  the  needle-instrument  may  be  re- 
placed by  audible  signals  from  two  bells,  or  flat  metallic  plates 
of  different  tone,  struck  by  hammers  fixed  to  the  armatures  of 
two  electro-magnets ;  one  of  which  is  arranged  to  be  moved  by 
the  positive,  the  other  by  the  negative  current  The  key  .is  the 
same  as  that  of  the  needle-insti-ument. 
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The  current  from  the  line  is  seldom  sufficiently  powerful  to 
produce  a  distinctly  audible  sound,  so  that  a  relay  with  two 
magnetized  armatures,  or  a  douhle  relay  is  required,  adjusted 
by  springs,  the  tension  of  which  must  be  regulated  to  suit  the 
strength  ot  the  current.  Much  more  intelligence  is,  therefore, 
required  in  the  clerk  than  in  the  case  of  a  needle-instrument. 

379.  Tlie  Soiinder  (Fig.  102)  is  one-half  a  bell-instnmieDt,  or 
the  Morse  electro-magnet  and  lever  without  the  wheelworV.    The 


signals  are  the  dnsh  and  dot  of  the  Morse  alphabet,  in  fact, 
the  signals  of  the  Morse  apparatus  itself  can  be  read  by  the 
sound  of  the  armature.  The  adjustments  required  are  but  one- 
half  those  of  the  bell,  consequently  less  skill  is  required  in  the 
manipulator ;  moreover,  the  so-called  "  double  current "  system 
can  bo  applied  to  the  sounder,  but  cannot  be  applied  to  the 
bell,  so  that  the  electrical  difficulties  are  much  less, 

380.  It  is  true  that  in  skilled  hands  a  higher  speed  may  be 
attained  with  the  bell,  because  its  signals  are  all,  as  it  were, 
dots  ;  while  those  of  the  sounder  are  dots  and  dashes,  the  dash 
requiring  thrice  the  time  of  the  dot.     Yet  the  signals  of  th» 
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sounder  can  be  read  as  fast,  if  not  faster,  than  they  can  be  tran- 
scribed ;  and,  moreover,  because  of  its  greater  simplicity  of 
adjustment,  and  its  lesser  liability  to  disturbance,  from  the 
varying  state  of  the  insulation  of  the  line- wire,  much  less  time 
is  lost  from  illegible  signals  than  is  the  case  with  the  bell.  The 
sounder  will,  in  fact,  work  well  where  the  bell  fails.  Hence  the 
bell  is  rapidly  falling  into  disuse ;  indeed,  it  has  never  been 
employed  but  in  this  country.  The  sounder  is,  with  very  insig- 
nificant exceptions,  the  only  telegraph  used  in  the  United  States, 
and  in  India.    Its  use  is  daily  extending  in  England. 

Like  the  bell,  it  generally  requires  a  relay ;  for  the  current 
from  the  line  is  seldom  sufficiently  steady  in  strength  to  admit 
of  an  easy  adjustment  of  the  instrument,  seeing  that  some  force 
is  required  in  the  blow  of  the  armature  to  produce  a  clearly 
audible  sound. 

The  soimd  is  sometimes  increased  by  placing  the  apparatus 
on  a  sounding-board,  but  in  America,  after  having  tried  many 
experiments,  sounding-boards  have  been  abandoned,  the  instru- 
ment being  simply  screwed  down  tightly  to  the  table. 

The  key  for  the  sounder  (Fig.  102)  is  the  same  as  that  used 
for  the  Morse  recorder  described  in  the  next  section. 

The  great  advantage  of  the  bell  and  sounder  over  the  needle 
is,  that  the  clerk  writes,  as  it  were,  from  the  dictation  of  his 
instrument,  and  confused  signals  are  more  readily  deciphered 
by  the  ear  than  by  the  eye,  just  as  indistinct  speaking  is  more 
readily  understood  than  indistinct  writing. 
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381.  A  recording  telegraph  writes  its  own  signals  upon  paper, 
either  in  ordinary  letters,  or  in  a  special  alphabet  of  dots  and 
dashes,  or  of  dots  arranged  in  parallel  lines,  so  that  the  signals 
of  the  bell  and  the  sounder  can  be  registered  on  paper. 

The  alphabet  in  most  general  use  is  the  "  Morsel  composed  of 
dots  and  dashes ;  with  the  exception  of  the  United  States,  whose 
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alphabet  differs  in  a  few  letters,  the  same  characters  are  em- 
ployed throughout  the  world. 

382.  The  Bain  System.— In  this  telegraph  the  Morse  signals 
are  produced  by  chemical  decomposition.  When  a  current  is 
caused  to  pass  through  the  solution  of  a  chemical  compound,  it 
decomposes  it  or  separates  its  component  parts ;  in  many  cases 
producing  an  alteration  in  colour,  either  by  causing  the  wire 
which  conveys  the  current  to  be  dissolved,  or  by  separating  a 
coloured  solid  substance  from  a  solution  previously  colourless. 
Thus  if  a  current  be  made  to  pass  through  paper  soaked  in 
iodide  of  potassium,  mixed  with  starch,  iodine  will  be  separated 
at  the  wire  connected  to  the  copper  of  the  battery,  and  a  brown 
stain  will  be  produced. 

383.  It  is  more  convenient  to  eiuploy  a  mixture  of  equal 
parts  of  saturated  solutions  of  ferrocyanide  of  potassium  and 
nitrate  of  ammonia,  diluted  with  an  equal  volume  of  water — 
one  part  of  each  solution  to  two  parts  of  water. 

Place  a  sufficient  quantity  of  good  nitric  acid  in  a  wide  pan 
of  glass  or  stoneware,  and  throw  into  it  lumps  of  ordinary  car- 
bonate of  ammonia  uptil  it  ceases  to  effervesce,  taking  care  not 
to  put  in  so  much  at  once  as  will  render  the  effervescence 
violent,  and  that  enough  is  added  to  leave  a  small  portion 
undissolved  after  the  acid  is  saturated,  for  it  is  necessary  to 
have  a  little  free  ammonia  {i.e.  ammonia  not  combined  with 
nitric  acid)  in  the  liquid.  This  liquid  will  be  a  saturated  solu- 
tion of  nitrate  of  ammonia,  with  free  parbooate  of  ^mmonia.^ 

The  saturated  solution  of  feiTocyanide  of  potassium  is  made 
by  dissolving  as  much  of  that  substance  as  the  water  will 
take  up. 

It  is  better  to  mix  only  as  much  as  will  last  two  or  three 
days,  for  mixed  solution  decomposes.  The  prepared  paper 
should  be  preserved  in  a  covered  jar,  in  order  that  it  may  not 
become  dry;  and  it  must  not  be  used  too  moist ;  it  should  always 
be  prepared  five  or  six  hours  before  it  is  wanted  for  use. 


1  The  following  formula  has  also  been  given.  To  each  pint  of  a  perfectly 
neutral  and  saturated  solution  of  nitrate  of  ammonia,  add  one  dram  of  carbonate 
of  potass. 
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Nitrate  of  lime  can  be  nsed  instead  of  nitrate  of  ammonia ;  it 
is  made  in  a  similar  way,  and  is  very  much  cheaper,  but  does 
not  answer  quite  as  welL 

The  principle  of  the  invention  may  be  elegantly  shown  in  the 
following  manner: — Soak  a  sheet  of  printing  paper  in  the 
mixed  solution,  blot  it  off,  and  lay  it  smoothly  on  a  plate  of 
zinc  or  sheet  of  tinfoil  connected  with  the  zinc  of  a  Daniell 
battery  of  twenty  cells.  Connect  a  steel  pen,  fixed  in  a  wooden 
holder,  with  the  copper  of  the  battery  by  means  of  a  flexible 
copper  wire.  The  pen  will  now  be  found  capable  of  writing  in 
blue  upon  the  prepared  paper ;  but  if  either  wire  be  discon- 
nected from  the  battery  the  pen  will  cease  to  mark,  the  power  to 
do  so  being  entirely  dependent  upon  the  passage  of  the  current. 

384.  In  Bain's  telegraph,  a  ribbon  of  moistened  paper  is 
carried  forward  by  clockwork  over  a  metallic  roller,  thus — 
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and  is  made  to  pass  under  a  pencil  of  iron  wire,  connected  to 
the  line  wire,  or  to  a  relay,  in  such  a  manner  that  the  positive 
or  copper  current  passes  yr(>m  the  wire  to  the  paper,  and  through 
the  paper  to  the  metallic  wheel  of  the  apparatus  which  moves 
it  forward. 

When  a  current  is  sent  on  the  wire,  the  solution  with 
which  the  paper  is  soaked  is  decomposed,  combining  with  the 
iron  pencil  to  form  Prussian  blue,  and  making  a  blue  mark  on 
the  paper. 

Q 


226  HANDBOOK  OF  PRACTICAL  TELEGRAPHY. 

On  short  lines  the  line  currefU  (current  from  the  sending 
station)  is  sufSciently  powerful  to  decompose  this  solution,  but 
on  long  lines  it  is  necessaiy  to  employ  a  local  current  from  a 
relay.  The  local  battery  should  consist  of  18  or  24  cells  of  an 
ordinaiy  line  battery.  Iodide  of  potassium  and  starch  is  easily 
decomposed  by  the  line  current,  but  the  writing  speedily  fades 
away. 

Care  must  be  taken  to  keep  the  wheel  over  which  the  paper 
runs  quite  clean,  or  the  current  will  not  pass  freely. 

385.  All  pieces  of  metal  exposed  to  the  action  of  the  paper  or 
solution  should  be  tinned,  as  the  liquid  has  no  action  on  tin, 
while  it  rapidly  dissolves  copper  or  brass.  A  little  dilute  ammonia 
readily  dissolves  the  compound  of  copper  which  is  formed. 

386.  The  Bain  apparatus  is  very  useful  for  experimental 
purposes,  as  two  or  more  separately  insulated  pencils  may  be 
placed  side  by  side  upon  the  ribbon.  It  may  be  used  as  a  chro- 
nograph for  ascertaining  the  speed  of  transmission  of  signals,  by 
connecting  one  pencil  with  the  pendulum  of  a  clock  beating 
seconds,  so  as  to  mark  a  dot  upon  the  ribbon  each  second ;  and 
another  pencil  with  the  line  wire.  The  signals  will  then  be 
registered  parallel  with  a  scale  of  seconds,  so  that  the  time 
occupied  by  each  and  the  number  received  in  a  given  period 
can  readily  be  ascertained.  The  speed  of  the  machine  will  be 
sufficiently  uniform  during  each  second. 

When  it  would  be  inconvenient  that  the  marking  pen  should 
dissolve  away,  platinum  wire  is  used  instead  of  iron,  and  the 
paper  is  prepared  with  a  solution  of  nitrate  of  manganese. 

387.  The  Morse  Secordeb  consists  of  a  key  for  sending 
the  current,  and  an  electro-magnet,  the  armature  of  which  is 
fixed  to  a  lever  carrying  a  point  or  style,  which  embosses  a 
mark  upon  a  band  of  paper  carried  forward  by  wheelwork.  The 
electro-magnet  attracts  its  armature  as  long  as  a  current  is  made 
to  flow  through  the  wire  with  which  it  is  wound,  and  ceases  to 
attract  it  as  soon  as  the  current  is  cut  off  by  breaking  battery 
contact  with  the  key ;  the  armature  is  then  brought  back  by 
a  spring.  The  paper  is  carried  forward  by  two  rollers,  in  the 
uppermost  of  which  there  is  a  groove  to  receive  the  point  of  the 
style. 
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388.  Digney's  ink-tmter,  as  manufactured  by  Siemens,  is  a 
great  improvement  upon  the  original  Morse  instrument,  and 
has  superseded  it  A  small  thin  disc  is  fixed  upon  the  arma- 
ture lever,  and  is  driven  by  the  clockwork  in  a  direction  con- 
trary to  that  of  the  paper  ribbon.  The  disc  dips  into  a  trougli 
filled  with,  an  ink  made  by  diluting  good  printer's  ink  with 
olive  oil,  from  which  the  stearine  has  been  removed  by  freezing ; 
and  when  raised  into  contact  with  the  p»aper,  by  the  action  of 
the  electro-magnet,  writes  the  signs  in  colour  upon  it.  The 
embossed  marks  can  only  be  read  in  a  certain  light ;  the  written 
signs  are  as  legible  as  can  be  desired ;  the  apparatus  is  capable 
of  being  worked  by  a  much  feebler  current,  and  requires  but 
little  more  care,  than  the  Morse. 

The  duration  of  the  current  and  length  of  the  mark  in  both 
instruments  depend  upon  the  duration  of  the  contact  made  by 
the  sending-kei/.  This  key  is  the  same  as  that  used  for  the 
soimder. 

389.  There  are  three  systems  of  Morse  signalling :  the  con- 
stant-current or  closed-circuit,  the  single-current,  and  the  double- 
current  system.  The  first  is  universal  in  the  United  States,  the 
second  almost  universal  on  the  Continent,  the  third  is  peculiar  to 
England. 

390.  Closed'CurreTU  ayetem. — Under  the  European  system 
there  are  batteries  at  every  station,  and  the  line  circuit  is  not 
connected  with  the  batteries  except  at  the  moment  signals  are 
passing.  Under  the  American  system  the  batteries  are  per- 
manently connected  with  the  line  and  the  sending  keys  at  the 
several  stations  are  so  arranged  that  when  they  are  at  rest  a 
constant  current  flows  through  the  whole  of  the  instruments, 
attracting  their  armatures ;  so  that,  if  the  paper  were  allowed 
to  run  forward,  a  continuotis  line  would  be  marked  upon  it.  By 
opening  a  switch  attached  to  the  keys  the  circuit  is  broken, 
and  the  break  or  gap  thus  made  ccm  be  again  filled  up  by 
pressing  the  key.  Thus,  if  any  station  opens  its  switch,  the 
current  ceases,  and  all  the  armatures  are  released ;  if  this  same 
station  presses  its  key^  the  circuit  is  again  closed,  and  the  arma- 
tures are  attracted  so  as  to  produce  signals. 

The  best  position  for  the  batteries  is  one-half  at  each  terminal 

Q  2 
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atation ;  for  if  they  are  all  placed  at  one  atatioo  a  fault  on  the 
line  will  obviously  have  a  greater  effect  npon  the  working  of 
the  circuit  than  when  they  are  divided. 

Fig.  104  is  the  most  approved  form  of  the  American  Morse 
key  for  the  closed  circuit  system.  The  lever  is  connected  to 
line  through  the  receiving  apparatus,  and  when  at  rest  its  right- 


band  end  touches  the  stud  below  it,  which  is  insulated  &om 
the  frame  and  connected  to  earth. 

When  pressed,  the  key  breaks  contact  with  this  stud,  and 
touches  that  on  the  left  of  the  frame.  This  is  also  insulated, 
but  can  be  connected  to  the  frame  by  closing  the  switch 
shown  at  the  front  of  the  cut.  The  stud  itself  is  connected 
to  the  sending  battery,  and  the  other  pole  of  this  battery  is 
to  earth. 

Except  during  the  act  of  sending  signals,  the  battery  stud  ia 
connected  through  the  frame  and  key  to  line  by  means  of  the 
switch,  so  that  a  constant  current  passes  out  to  line,  attracting 
the  armatures  of  all  the  infltruments  in  circuit ;  but  when  about 
to  signal,  the  switch  is  opened,  so  as  to  disconnect  the  battery 
from  the  line  and  release  the  armatures.  When  the  key  is 
pressed,  it  again  connects  the  line  with  the  battery,  and  a  signal 
is  sent 

391,  There  are  several  objections  to  the  system  of  constant 
currents.     It  rapidly  destroys  buried  wires,  if  they  are  at  all 
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defective  in  insulation ;  and  the  fluctuation  of  the  strength  of 
the  signals  is  greater  than  under  the  other  system.  Many  badly 
insulated  lines,  worked  with  difficulty  as  closed  circuits,  have 
become  much  more  trustworthy  when  connected  up  as  open 
circuits.  The  system  has  been  abandoned  at  home,  except  in 
special  cases,  notwithstanding  its  great  convenience  with  respect 
to  batteries.  The  open  or  European  system  is  far  less  costly, 
as  regards  battery  power,  than  the  American  or  closed  circuit 
system,  the  latter  employing  powerful  and  costly  Grove  batteries, 
the  former  comparatively  feeble  and  inexpensive  Daniells. 

392.  SingU'Current  system, — If  the  switch  is  removed,  the  key 
becomes  the  ordinary  singh'CurrerU  key  of  the  European  system 
(Fig.  104).  Batteries  are  placed  at  every  station;  they  are 
connected  to  the  left-hand  stud  of  the  key  and  earth  as  before, 
the  line  wire  direct  to  the  lever,  and  the  right-hand  stud  to 
earth  through  the  receiving  apparatus,  so  that  outgoing  signals 
do  not  pass  through  it. 

393.  For  distances  not  much  exceeding  100  miles,  an  ink- 
writer,  wound  with  wire  eight  mils  diameter,  to  a  resistance 
between  450  and  500  ohms,  may  be  satisfactorily  used  on  a 
circuit  having  no  intermediate  instruments. 

Where  there  are  several  instruments  in  circuit,  or  where  the 
circuit  much  exceeds  100  miles,  the  adjustment  for  current  be- 
comes difficult,  as  it '  is  hardly  possible  to  arrange  that  the 
strength  of  the  signals  from  each  station  shall  be  uniform,  and  it 
is  better  to  use  a  relay  (404),  which  requires  but  a  very  feeble 
current,  and  is  much  more  easily  adjusted. 

394.  Adjustment  is  necessary  for  the  following  reasons  : — 
The  attraction  of  the  electro-magnet  for  the  armature  de- 
creases very  rapidly  as  the  distance  between  them  increases; 
therefore,  the  weaker  the  current  the  nearer  must  the  armature 
be  allowed  to  remain  to  the  magnet  when  at  rest.  This  adjust- 
ment is  made  by  the  screw  which  limits  the  distance  between 
the  magnet  and  the  armature.  The  spring  which  draws  the 
armature  from  the  magnet  provides  a  second  adjustment  to  suit 
the  varying  strength  of  the  current 
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Notes  as  to  the  Adjustraent  of  the  Ink-ioriter  when  worked  hy 

Line  Current, 

395.  (a)  First  adjust  the  screw  wliich  limits  the  approach  of 
the  armature  to  the  electro-magnet,  so  that  the  upper  edge  of 
the  inking  disc  shall  gently  touch  the  paper  when  the  armature 
is  attracted,  while  the  lower  part  of  the  disc  dips  into  the  ink  If 
the  disc  presses  the  paper  too  hard,  it  makes  thick  and  indistinct 
signals  :  if  it  presses  too  light,  it  causes  the  disc  to  jump  and 
signals  to  spHt :  thus may  become  -  —  or . 

(&)  Baise  the  electro-magnet  by  its  adjusting  screw,  so  that 
when  the  armature  is  attracted  only  a  thin  streak  of  light  can 
be  seen  between  the  electro-magnet  and  the  armature. 

(c)  Adjust  the  screw  which  limits  the  upward  motion  of  the 
armature  so  that  it  may  be  free  to  move  through  a  space  of 
about  a  sixteenth  of  an  inch. 

{d)  Adjust  the  tension  of  the  spiral  spring  which  acts  in 
opposition  to  the  force  of  the  current,  so  as  to  bring  back  the 
armature  to  its  position  of  rest  when  the  current  ceases  to  act, 
and  to  overcome  the  efifects  of  residual  magnetism,  if  any  exist. 
The  amount  of  tension  required  will  vary  with  each  instrument. 
The  letter  V  generally  should  be  sent  by  the  distant  station 
using  very  low  power,  and  the  spring  gently  tightened  until  the 
marks  are  clear  and  distinct.  The  ear  is  usually  the  best  judge 
of  this  adjustment. 

The  instrument  is  now  regulated  to  work  with  the  most 
delicate  currents. 

(«)  The  adjustment  for  the  stronger  current  of  a  nearer  station 
is  made  by  lowering  the  electro-magnet,  and,  if  absolutely 
necessary,  tightening  the  spring. 

Notes  as  to  the  Management  of  the  Emhossing  Morse. 

396.  Whatever  tends  to  make  the  running  of  the  paper  irreg- 
ular is  apt  to  shorten  dashes  into  dots,  or  to  cause  dots  to  Jbe 
lost  altogether.    This  happens  when  the  style  of  an  embossing 


REOOEDINO  T£L£GBAPUS.  231 

Morse  is  adjusted  so  as  to  mark  the  paper  too  deeply,  when  the 
paper  sticks  in  the  guides  from  irregularity  in  width,  and  when 
it  does  not  riin  freely  from  the  drum  on  which  it  is  held. 

If  the  style  is  not  so  adjusted  as  to  move  freely  in  the  groove 
in  the  upper  friction  wheel,  the  signals  will  fail  more  or  less ; 
and  if  it  is  so  much  on  one  side  as  to  be  completely  out  of  the 
groove,  no  marks  at  all  will  be  produced.  These  faults  generally 
arise  from  too  much  end  play  in  the  pivots  of  the  lever,  or 
from  the  screws  working  loose.  When  the  lever  works  too 
loosely  in  its  bearings,  irregular  dashes,  too  deep  at  their  com- 
mencement, but  tapering  off  to  nothing,  are  produced ;  when  the 
armature  is  first  attracted,  the  style  indents  the  paper,  but  the 
forward  motion  of  the  band  causes  the  lever  to  recede  in  its 
bearings  until  the  style  ceases  to  mark. 

Sesiduary  magnetism  (130)  frequently  causes  the  armature  of 
the  electro-magnet  to  stick,  or  remain  attracted,  and  can  be  pre- 
vented by  occasionally  reversiug  the  connections  so  as  to  make 
the  current  pass  in  the  opposite  direction.  The  armature  will 
always  stick  if  it  is  allowed  to  touch  the  coi*e,  because  the 
polarity  of  the  iron  will  not  cease  when  the  current  is  cut  off. 
The  screw  stop  should  therefore  be  adjusted  so  as  to  prevent  the 
armature  approaching  the  poles  of  the  electro-magnet  too  closely, 
and  if  the  current  is  so  feeble  that  the  armature  must  be  allowed 
to  approach  as  closely  as  possible,  a  piece  of  writing-paper  may 
be  laid  over  the  poles  of  the  electro-magnet,  to  prevent  actual 
contact. 

397.  The  method  of  connecting  Morse  instruments  worked  by 
line  current  is  shown  by  Fig.  105.  In  this  cut,  P  represents  a 
lightning  arrester,  made  by  twisting  two  wires  together. 

398.  Eelays. — The  relay  is  an  apparatus  capable  of  being 
actuated  by  a  feebler  current  than  that  required  for  a  signalling 
instrument ;  it  is,  as  it  were,  an  automatic  key  which  is  set  in 
motion  by  the  line  current,  which,  by  closing  a  circuit  composed 
of  the  Morse  or  other  signalling  instrument  and  a  local  battery, 
causes  a  stronger  current  to  act  on  the  apparatus  than  that 
conveyed  by  the  line  wire.  Or,  in  other  words,  when  the  current 
conveyed  by  the  line  wire,  because  of  the  length  of  the  circuit, 
or  its  defective  insulation,  has  become  too  enfeebled  to   act 
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directly  on  the  signal  apparatus,  it  is  made  to  act  upon  a 
more  sensitive  apparatus  which  sets  a  stronger  current  in 
action. 

In  whatever  manner  the  relay  may  be  constructed,  its  prin- 
ciple is  the  same.  It  consists  of  a  bar  or  armature,  either  of 
soft  iron  or  of  magnetized  steel,  fixed  so  as  to  be  free  to  move 
when  acted  on  by  an  electro-magnet  or  coil ;  which,  when  moved, 
places  a  new  battery  in  circuit  with  the  receiving  apparatus. 

The  wire  of  the  electro-magnet  or  coil  (Tig.  106)  is  placed 
in  the  line  circuit ;  the  bar  is  connected  with  one  pole  of  the 


local  battery ;  a  pin  or  stop,  fixed  near  the  bar,  is  connected  to 
one  end  of  the  coil  of  the  Morse,  and  the  other  end  of  this  coil 
to  the  other  pole  of  the  local  battery. 

AVhen  no  current  is  passing  on  the  line,  the  bar  is  held  away 
from  contact  with  the  stop  connected  with  the  coil  by  a  spring 
or  other  means ;  but  when  a  current  is  sent  on  the  line,  the  bar 
moves  towards  and  touches  the  stop,  so  as  to  complete  a  local 
circuii  composed  of  the  receiving  instrument  and  a  battery. 
Immediately  the  current  ceases  in  the  line  wire,  the  bar  flics 
back,  opens  the  local  circuit,  and  rests  upon  an  insulated  stop. 

These  two  stops  limit  the  motion  of  the  bar,  and  their  dis- 
tances from  one  another  and  from  the  electro-magnet  are  ad- 
justed to  suit  the  varying  strength  of  the  line-current  (401). 

When  the  line-current  is  very  feeble,  the  armature  must  he 
placed  very  near  the  pole  of  the  electro-magnet,  and  its  play 
limited ;  when  the  current  is  strong  its  play  must  be  greater. 
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The  electro-magnet  itself  is  sometimes  so  fixed  as  to  be 
moved  nearer  to,  or  farther  from,  the  armature,  so  that  the 
effect  of  the  current  is  increased  or  diminished  without  alter- 
ing the  play  of  the  armature  between  its  limiting  stops. 

The  armature  must  never  be  allowed  to  touch  the  pole  of  the 
electro -mt^net,  as  the  attraction  will  then  be  too  great  to  be 
overcome  by  the  spring,  and  the  armature  will  stick. 

399.  Polarized  relays. — In  order  to  increase  the  power  of  per- 
manently magnetized  armatures,  and  to  lessen  their  liability  to 
lose  their  polaiity,  they  are  frequently  magnetized  by  the  induc- 
tion of  a  large  magnet  placed  ia  contact  with  or  near  them. 
Such  relays  are  said  to  be  polarized. 

400. — Siemens'  polarized  relay  n  s  (Fig.  107)  is  &  hard  steel 
permanent  mc^et,  whose  south  end  s  has  a  slit,  in  which  the 
soft  iron  armature  a  is  pivoted,  so  as  to  have  a  free  motion  from 


right  to  lefl:.  To  this  armature  a  thio  tongue  l  is  attached, 
which,  by  making  contact  at  the  point  c,  completes  the  local 
circuit.  To  the  north  end  N  of  the  permanent  magnet  the  soft 
iron  cores  of  the  electro-magnet  are  fixed,  as   shown   in   the 
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sketch.  These  cores  are  surrounded  with  bobbins  of  wire, 
through  which  the  current  flows.  The  upper  ends  of  the 
electro-magnet  are  fitted  with  moveable  pole-pieces  n  and  n', 
which  are  fixed  by  screws,  as  shown  in  Fig.  107.  The  perma- 
nent magnet  N  s  induces  north  magnetism  in  both  the  ex- 
tremities n  and  n'  of  the  electro-magnet,  and  south  magnetism 
in  that  portion  of  the  armature  which  plays  between  them. 
When  the  armature  is  equidistant  from  the  poles  of  the  electro- 
magnet, it  is  equally  attracted  by  each ;  but  if  it  be  brought 
nearer  to  one  than  to  the  other,  it  will  be  held  there,  because  it 
is  under  the  influence  of  a  more  powerfolly  attracting  force. 
Since  the  relative  distance  between  the  moveable  tongue  and 
the  two  pole-pieces  can  be  increased  at  will,  the  attraction 
between  either  pole  and  the  moveable  tongue  can  be  adjusted 
with  great  delicacy  without  the  aid  of  a  spring. 

The  electrical  contacts  for  the  local  circuit  are  shown  in 
Fig.  108,  and  the  diagram  is  drawn  with  the  tongue  breaking 
the  local  circuit. 


Fi«.  108. 


401,  The  adjustments  are  made  thus: — 

(a)  The  pole  pieces  n  and  n'  are  placed  at  a  convenient  dis- 
tance apart,  and  by  the  action  of  the  screw  B  the  tongue  b  is 
brought,  as  nearly  as  possible,  in  the  centre  between  them  (so 
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as  to  have  equal  room  for  adjustment  on  both  sides).  Screw 
A  is  then  adjusted,  so  that  the  motion  of  the  tongue  shall  be 
about  ^  of  an  inch  between  the  insulated  stud  d  and  the 
contact  point  c. 

(b)  Screw  B  is  next  adjusted,  so  that  when  a  current  is  not 
passing  through  the  coils  the  armature  shall  be  slightly  attracted 
by  the  pole,  bringing  the  tongue  into  contact  with  the  insulated 
stud  d, 

(c)  If,  after  the  instrument  is  so  adjusted,  the  paper  is  marked 
in  a  continuous  line  when  the  distant  station  is  sending,  turn 
screw  B  to  the  right,  in  this  way  lessening  the  attraction  of  n, 
and  increasing  that  of  n'.  If  this  produces  no  effect,  either 
place  n  a  little  farther  from,  or  n'  a  little  nearer  to,  the  tongue, 
until  the  result  desired  is  attained. 

(d)  If,  on  the  other  hand,  there  is  a  loss  of  dots,  turn 
screw  B  to  the  left — thus  diminishing  the  attraction  of  n'  and 
increasing  that  of  n.  Should  this  not  produce  the  desired 
effect,  then  move  n'  a  little  farther  from,  or  n  a  little  nearer 
to,  the  tongue. 

The  resistance  of  a  Siemens'  relay  is  from  500  to  700  ohms. 

402.  The  polarized  relay  can  be  adjusted  either  to  fall  back 
after  having  made  contact,  or  to  remain  indifferently  in  either 
position.  It  will,  in  the  latter  case,  remain  where  it  has  been 
placed  by  a  current,  until  the  arrival  of  a  current  in  the  reverse 
direction  causes  it  to  assume  the  opposite  position,  and  will 
therefore  produce  either  dashes  or  dots  at  pleasure  from  key 
contacts  of  equal  duration ;  the  length  of  the  mark  will  depend 
upon  the  interval  between  the  direct  and  the  reverse  currents. 
An  important  use  is  made  of  this  principle  in  the  automatic 
telegraph.  With  this  apparatus  Morse  signals  can  be  produced 
by  induced  currents. 

403.  The  ink -writer  is  sometimes  made  with  a  polarized  elec- 
tro-magnet on  the  same  principle  as  Siemens'  relay,  and  can 
then  be  worked  by  line  current,  on  the  double  current  system. 

When  magnetized  armatures  or  bars  are  used,  the  line  current 
must  be  made  to  pass  in  one  and  the  same  direction  through 
the  coils  of  each  relay  in  the  circuit,  and  the  same  rules  must 
be  observed  as  in  connecting  up  a  series  of  needle  mstrumeni^s. 
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But  when  the  armature  is  soft  iron  unpolarized  (which  is 
seldom  the  case),  it  matters  not  in  which  direction  the  current 
passes  through  the  coils.  In  the  latter  case  the  armature  is 
always  attracted,  while  in  the  former  the  direction  of  its  motion 
depends  upon  the  direction  of  the  current. 

404. — ^In  Fig.  109  the  larger  hattery  z  c  is  the  line  battery;  the 
smaller,  marked  ''local/'  is  the  local  battery  or  the  battery 
which  is  brought  into  action  by  the  relay  5,  6.  The  galvano- 
meter 2, 1,  is  for  the  purpose  6(  showing  whether  the  current 
passes ;  3,  4,  is  the  single-current  key,  and  the  Morse  is  shown 
at  the  left  of  the  key. 

The  numerals  indicate  the  direction  of  the  current :  for  in- 
stance, if  the  key  at  the  "  up  "  station  is  depressed,  the  positive 
current  of  the  line  battery  flows  to  the  key  at  3,  enters  the  gal- 
vanometer at  2,  leaves  it  at  1,  passes  along  the  line  to  the  inter- 
mediate instrument,  entering  its  relay  at  6,  leaving  the  relay  at 
5  for  the  back-stop  of  the  key  4,  whence  it  passes  to  the  lever 
of  the  key  3,  and  then  through  the  galvanometer  2  and  1  to  the 
line  leading  to  the  next  station. 

The  numerals  serve  also  to  indicate  the  manner  in  which  the 
several  pieces  should  be  connected.  There  are  two  figures  on 
each;  the  lower  of  the  two  is  joined  to  the  next  lowest,  the 
higher  of  the  two  to  the  next  highest,  as  regards  several  parts 
at  the  same  station ;  and  as  regards  the  distant  stations,  the 
lowest  of  each  group  is  connected  to  the  highest  of  the  distant 
group.  Thus  1  of  the  up  station  is  joined  to  6  of  the  inter- 
mediate station. 

405.  If  the  coils  of  the  Morse  are  wound  with  a  somewhat 
thick  wire,  as  25  mils,  a  few  cells,  say  six,  wiU  suffice  for  the 
''  local,"  but  they  must  be  at  least  twice  as  large  as  those  used 
for  a  line  battery ;  if  a  thinner  wire,  as  14  mils,  be  used,  ten  or 
twelve  cells,  similar  to  those  of  the  line  battery,  will  suffica 
The  line  battery  itself,  or  part  of  it,  may  occasionally  be  used  as 
a  local ;  but  as  these  cells  have  very  much  more  work  to  do 
than  the  rest,  they  become  weak  sooner,  and  require  constant 
attention.  It  is,  therefore,  much  better  to  use  a  separate  battery, 
and  it  is  often  convenient  to  use  wire  of  14  mils  for  the  coil,  so 
that  only  one  description  or  size  of  batteiy  is  required  for  the 
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work  of  the  office.     The  coils  may  have  a  total  resistance  of 
130  to  150  ohms. 

406.  Every  time  a  local  battery  circuit  is  opened  or  closed  by 
a  relay,  a  spark  passes  which  burns  away  the  metal  at  the  pivots 
and  other  points  of  contact,  and  the  bar  should  always  be  con- 
nected to  its  bearings  by  a  fine  wire  spiral,  or  by  a  drop  of  best 
salad  oil,  which  will  convey  the  current  and  protect  the  pivot 
points.  When  the  local  batteries  are  so  joined  up  that  the 
copper  is  connected  to  the  bar,  the  oxidation  takes  place  at  the 
pivot,  sometimes  completely  insulating  it  and  breaking  con- 
tinuity. The  copper  current  should,  therefore,  always  be  made 
to  flow  from  the  bearings  to  the  pivot,  not  vice  versd. 

A  local  battery,  if  consisting  of  large  cells,  frequently  causes  a 
relay  to  stick,  by  fusing  together  its  points  of  contact,  which 
must  be  kept  clean  and  bright  by  scraping  with  a  knife  or  very 
smooth  file.  Small  cells  do  not  fuse  metals  so  rapidly,  but,  on 
the  other  hand,  they  are  more  apt  to  cause  oxidation. 

The  spark,  at  breaking  contact,  is  much  the  stronger  of  the 
two,  because  of  the  ecdra  current  (181)  developed  in  the  wire  of 
the  electro-magnet.  It  may  be  prevented  in  two  ways.  The 
ends  of  the  Morse  coil  may  be  connected  by  a  resistance  coil, 
in  the  manner  of  a  shunt,  through  which  the  extra  current  will 
pass,  instead  of  darting  through  the  air.  The  shorter  the  wire 
of  this  shunt  is,  compared  with  its  resistance,  the  greater  its 
effect.  It  should  be  made  of  very  fine  ii'on  wire,  wound  half 
right-handed  and  half  left-handed,  so  that  no  induction  may 
take  place  in  the  shunt  itself,  and  its  resistance  should  be  about 
40  times  that  of  the  electro-magnet.  This  arrangemetit  is 
adopted  in  Dujardin's  type-printer,  where  a  powerful  local 
battery  is  employed. 

Or  a  small  condenser  (144)  of  tinfoil  may  be  placed  between 
the  terminals  of  the  Morse  electro-magnet.  The  capacity  re- 
quired will  vary  with  the  length  of  the  coil  and  the  strength 
of  the  battery,  but  4  ^  i  microfarad  will  probably  suffice. 

407.  When  the  current  flows  in  the  wrong  direction  through 
the  relay,  so  as  to  complete  the  local  circuit  by  the  reversed 
instead  of  the  printing  current,  signals  are  reversed,  or  the  spaces 
between  signals  printed,  instead  of  the  signals  themselves,  and 
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the  marks  on  the  paper  will  frequently  be  dots  only.  To 
remedy  this  fault,  the  wires  of  the  relay,  or  the  batteries  of 
the  sending  station,  must  be  reversed. 

408.  If,  when  the  line  current  moves  the  relay^  the  Morse 
ToachiTie  does  not  print,  the  fault  will  be  in  the  local  circuit ; 
arising  from  dirt  on  the  relay,  contact  from  a  broken  wire,  a 
loose  connection,  a  faulty  cell,  or  loss  of  power  in  the  local 

"battery.    If  the  machine  does  not  print  when  the  relay  is  moved 
with  the  finger,  the  local  circuit  is  certainly  defective. 

It  must  be  borne  in  mind  that,  as  the  local  battery  is  placed 
on  a  circuit  of  feeble  resistance,  it  will  consume  much  more 
sulphate  of  copper  than  the  line  battery,  and  therefore  will  need 
greater  attention. 

409.  The  longer  the  circuit  on  which  a  relay  is  placed,  the 
longer  and  finer  should  be  the  wire  of  the  coil ;  but  it  is  con* 
venient  in  practice  to  adopt  a  coil  of  average  resistance,  which 
will  suit  all  circuits  moderately  well,  because  of  the  difficulty 
of  obtaining  proper  care  in  selecting  that  best  suited  for  each 
particular  circuit.  Want  of  care  and  defective  information  are 
the  greatest  obstacles  to  improvement  in  telegraphy. 

410.  Dovhle-current  system, — In  the  case  of  an  electro-magnet 
with  a  soft  iron  armature,  the  first  effect  of  reversing  the  current 
after  the  armature  has  been  attracted,  is  to  repel  it ;  but  imme- 
diately afterwards  it  is  re-attracted.  For,  although  soft  iron 
loses  its  magnetism  very  rapidly,  yet  it  retains  it  for  a  short 
time  after  the  current  ceases,  so  that  the  armature  retains 
the  polarity  impressed  upon  it  by  the  electro-magnet  for  a 
moment  after  the  poles  of  the  electro-magnet  have  been  reversed. 
So  long  as  the  armature  retains  this  polarity  it  is  repelled  by 
the  reverse  current,  and  if  the  key  by  which  the  signals  are 
sent  on  the  line  be  arranged  so  as  to  give  a  very  short  reversal 
of  the  current  after  each  signal,  a  very  much  less  powerful 
spring  will  be  required  to  remove  the  armature,  and  therefore 
it  will  be  capable  of  being  attracted  by  a  weaker  current.  The 
principle  can  be  well  applied  to  alarums,  but  is  not  in  this 
form  applicable  to  signalling.  Following  out  this  principle, 
the  most  sensitive  relay  is  constructed  by  abandoning  the 
spring  altogether,  and  trusting  to  the  reversal  of  the  current. 
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not  only  for  removing  the  bar  from  the  battery  contact,  but  also 
for  holding  it  back  during  the  interval  between  each  successive 
signal.  This  is  effected  by  the  employment  of  a  key,  so  arranged 
that,  during  the  transmission  of  a  message,  the  line  is  constantly 
occupied  by  a  current ;  which  moves  in  one  direction  to  bring 
the  relay  into  the  position  of  battery  contact,  and  in  the  oppo- 
site direction  to  remove  it  from  that  position  and  hold  it  back. 
The  marking  current  will  now  have  comparatively  little  work 
to  do,  not  having  to  overcome  the  resistance  of  a  spring; 
the  spring  being,  in  fact,  replaced  by  the  reverse  or  spacing 
current. 

The  moveable  bar  or  armature  must  be  magnetised,  so  that 
the  direction  of  its  motion  may  be  reversed  by  a  reversal  of  the 
current  in  a  similar  manner  to  the  needle  of  a  galvanometer. 

411.  But  another  most  important  advantage  is  attained  by 
the  system,  the  line  is  constantly  occupied  by  a  current  during 
the  transmission  of  a  message. 

When  the  line  is  free  in  the  interval  between  signals,  as  is 
the  case  under  the  single-current  system,  there  is  a  limit  to  the 
delicacy  of  the  relay ;  because,  if  very  sensitive,  it  will  be  acted 
on  by  all  the  small  leakages  from  the  other  circuits  near  it,  and 
will  print  false  signals.  But  when  the  line  is  occupied  by  a 
current  between  the  signals,  there  is  no  such  limit,  and  an 
instrument,  delicate  enough  to  record  the  leakage  from  other 
wires,  will  yet  print  accurately  whatever  is  sent  on  its  own 
proper  wire.  Should  the  current  leaking  into  the  wire  in  tlie 
intervals  between  signals  be  in  the  same  direction  as  the 
reversed  current,  it  assists  in  holding  the  bar  back.  Should  it 
be  in  the  direction  of  the  direct  or  printing  current,  it  will  not 
move  the  relay  unless  it  is  powerful  enough  to  neutralize  the 
reversed  current. 

412.  The  principle  of  the  double-cun^ent  key  is  readily  seen 
in  Varleifs  dovhle-current  key,  which  consists  of  a  divided  disc 
furnished  with  a  lever  handle.  One  half  of  this  disc  is  con- 
nected to  the  zinc,  the  other  half  to  the  copper  pole  of  the 
battery.  Springs,  connected  respectively  to  line  and  earth, 
press  each  upon  one-half  the  disc,  so  that  the  battery  is  always 
in  circuit  with  the  line,  during  transmission.     When  the  key 
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is  moved,  the  spring  which  had  previously  been  in  contact  with 
the  zinc  touches  the  copper  half,  and  vice  versd. 

This  being  so,  neither  station  can  receive  a  message  until  the 
battery  of  the  distant  key  is  thrown  out  of  circuit  It  is,  there- 
fore, necessary  to  arrange  the  key  so  that  the  line-wire  shall, 
during  the  sending  a  message,  be  disconnected  from  the 
receiving  apparatus  and  connected  to  the  key  alone,  and  vice 
versd.  This  is  effected  by  means  of  a  switch  generally  moved 
by  the  hemd.  This  switch  also  disconnects  the  batteries  from 
the  key. 

413.  An  apparent  disadvantage  arises  from  this ;  the  receiving 
station  cannot  stop  the  sender,  or  reply,  until  the  switch  has 
been  turned  from  send  to  receive.  The  experience  of  many  years 
has  shown  that  this  produces  no  inconvenience  whatever  on  a 
recording  Morse,  nor  has  it  been  found  a  disadvantage  even 
to  a  Sounder,  for  repetitions  are  more  conveniently  given  at  the 
close  of  a  message  than  during  its  transmission.  If,  however, 
it  be  desired  to  give  the  receiver  the  power  of  stopping  the 
sender,  a  "  tell-tale "  galvanometer  is  wound  with  two  separate 
wires,  one  of  them  placed  in  the  receiving  circuit,  the  other 
between  the  battery  and  the  key.  In  sending,  the  first  is 
switched  out  of  circuit,  but  the  out-going  signals  pass  through 
the  second,  and  it  is  also  affected  by  any  currents  passing 
inward  from  line.  Thus,  it  is  easily  seen  if  the  receiving  station 
breaks  the  circuit  or  sends  a  current  In  receiving,  the  first  is 
placed  in  circuit^ 

The  rubbing  contact  made  by  Varley's  key  is  a  great  advan- 
tage when  insulation  is  defective,  for  the  length  of  the  battery 
contact  may  be  adjusted  to  suit  the  state  of  the  line.  The 
worse  the  insulation,  the- longer  must  the  current  be  allowed  to 
flow  to  line. 

But  in  tolerably  well  insulated  lines  it  is  not  necessar)*^  thus  to 
prolong  the  contacts,  and  as  the  distance  through  which  the  key 


1  Although  Sounder  apparatus  has  been  provided  with  this  arrangement,  it  i 
found  that  in  practice  it  is  never  used.     This  shows  that  no  real  disadvantage 
arises,  even  on  a  Sounder  circuit,  from  the  inability  of  the  receiver  to  stop  the 
sender. 
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must  move  is  found  seriously  to  diminish  the  speed  of  signalling, 
double-current  keys  are  now  made  whose  "  play  "  is  as  short  as 
that  of  a  single-current  key,  and  their  form  is  constantly  under- 
going improvement. 

414.  The  single-current  key  tnay  be  made  to  send  double 
currents  by  attaching  a  switch  to  the  hdck-Uop  (the  stud  on 
which  the  key  lies  when  at  rest),  arranged  to  connect  it  when 
receiving  with  the  apparatus ;  or,  when  sending,  with  a  second 
battery  connected  in  a  reverse  direction  to  the  sending  battery. 
When  the  switch '  is  in  the  position  for  sending,  and  the  key  at 
rest,  a  current  flows  to  line,  but  in  an  opposite  direction  to 
the  signalling  current.  When  the  key  is  pressed,  contact  is 
broken  with  the  opposing  battery  and  Tnade  with  the  sending 
battery. 

These  switches  are  frequently  made  automatic.  The  arma- 
ture bar  of  a  relay  with  a  soft  iron  armature  is  connected  to  the 
bccck'Stop  of  the  key.  The  movement  of  the  bar  is  limited,  in 
the  usual  way,  by  two  8tops>  the  first  of  which  is  connected  to 
the  reversed  battery,  the  second  to  the  receiving  instrument,  and 
the  electro-magnet  is  placed  in  the  circuit  of  the  signalling 
battery.  The  armature,  not  being  magnetised,  is  attracted 
during  the  whole  time  a  current  is  passing  from  this  battery, 
positive  or  negative,  and  the  lever  is  caused  to  connect  the 
back-stop  of  the  key  with  the  reversed  battery. 

When  the  key  is  allowed  to  remain  at  rest,  the  bar  is 
brought  by  its  adjusting  spring  into  contact  with  the  second 
stop,  and  the  switch  is  then  in  the  position  for  receiving  from 
the  distant  station.  It  is  necessary  that  this  change  shall  not 
occur  too  promptly,  or  the  connection  with  the  reversed  battery 
will  be  broken  before  the  key  touches  its  back- stop,  and  the 
reversal  will  not  pass  to  line.  The  best  method  of  effecting  this 
retardation  is  shown  in  the  description  of  the  double-current 
translator.  Many  other  plans  have  been  used,  among  them  a 
piston  moving  in  a  cylinder  filled  with  oil,  having  a  valve  -^hich 
opens  as  the  piston  descends,  but  closes  as  it  rises  ;  and  a  vane 
driven  by  wheelwork.  The  shunt  is,  however,  the  best  method, 
as  the  degree  of  retardation  can  be  regulated  with  great  nicety 

by  varying  its  resistance. 

R   2 
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415.  When  working  with  reversals,  if  the  line  current  is  very 
weak,  there  is  a  great  advantage  in  keeping  the  local  circuit 
always  closed  by  giving  the  bar  of  the  relay  a  tendency  to  rest 
against  the  battery  contact  stop,  instead  of  upon  the  insulated 
stop.  It  requires  a  certain  force  to  make  perfect  contact,  but 
very  much  less  to  hreaJc  contact  \  thus,  when  signals  are  weak 
the  current  may  have  power  enough,  when  reversed,  just  to 
remove  the  bar  from  the  battery  stop,  so  as  to  break  contact, 
when  it  would  not  be  able  to  press  them  sufficiently  firmly 
together  to  make  contact  unless  aided  by  the  bias  given  to  the 
bar,  far  less  to  move  it  through  the  space  between  the  stops. 
Care  must  be  taken  not  to  leave  the  batteries  thus  on  short 
circuit  when  the  instrument  is  not  in  use,  as  it  wouid  weaken 
them  seriously, 

416.  Modification  of  the  Morse  Alphabet. — From  the 
date  of  the  introduction  of  the  Morse  system,  it  became  apparent 
that  much  time  and  paper  ribbon  would  be  saved  if  the 
alphabet  could  be,  like  that  of  the  bell,  constructed  of  dots  only, 
arranged  in  two  parallel  lines  ;  because  the  dash  occupies  thrice 
the  time  of  the  dot,  and  three  times  the  length  of  ribbon. 
This  was  easily  effected  by  a  double  key  and  two  electro- 
magnets, with  polarized  armatures  or  relays,  one  actuated  by 
the  positive,  the  other  by  the  negative  current. 

As  the  single-needle  alphabet  is  formed  from  the  Morse,  by 
representing  dashes  by  a  movement  to  the  right,  dots  by  a 
movement  to  the  left,  this  double  lever  recording  instrument 
could  be  inserted  in  a  single-needle  circuit — or,  in  other  words, 
the  single-needle  signals  could  be  recorded  by  it  It  could 
obviously,  also,  be  placed  in  circuit  with  a  bell.  These  advantages 
are  palpable,  and  consequently  many  attempts  have  been  made 
to  introduce  the  system. 

As  it  was  found  there  was  a  difficulty  in  determining 
quickly  in  which  of  the  two  lines  a  series  of  dots  were 
placed,  attempts  were  made  to  represent  the  dash  by  a  line 
vertical  to  the  paper,  thus  |  ,  so  that  the  letter  V,  which  in 
the  Morse  alphabet  is  •  •  •  — ,  might  be  written  •  •  •  |  This 
removed  all  difficulty  in  reading,  but  the  line  was  not  easQy 
produced  by  the  ink-writer,  and  a  double  dot  was  substituted, 
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the  V  being  written  .  . .  :  or  . .  .  ^  ,  which  is  read  with  equal 
facility. 

But  the  same  electrical  difficulties  and  multiplication  of  ad- 
justments, which  have  caused  the  bell  to  be  abandoned  in  favour 
of  the  sounder,  obtain  in  this  system  and  have  prevented  its 
adoption. 
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417.  These  are  employed  for  connecting  one  circuit  to  another, 
for  dividing  a  circuit,  or  for  any  purpose  where  connections  have 
to  be  altered. 

In  the  lever  switch,  a  lever  or  spring  is  removed  from  one  stop 
to  another  by  a  pin  projecting  from  a  moveable  axis,  or  the  pin 
places  the  axis  itself  in  connection  with  the  lever  or  spring. 

Thus,  suppose  it  to  be  required  to  divide  the  line  A  B  c  at 
the  central  station  B,  so  as  to  enable  each  half  to  be  worked 
independently : — 

A  B  B'  C 


(EAITTII  I    6  p 


EARTH 


I 


'earth 


Fig.  110. 


(1.)  In  this  position  of  the  switch  a  signal  will  pass  through 
the  entire  line,  from  a  to  c,  with  the  exception  of  the  second 
instrument  at  B  (viz.  b'),  which,  not  being  necessary,  is  connected 
across  or  placed  on  short  circuit.  No  current  will  pass  through 
b',  because  the  resistance  of  its  coils  is  infinitely  greater  than 
that  of  the  lever  which  connects  the  two  ends  of  the  coil  wire. 


246 


HANDBOOK   OF   PRACTICAL  TELEGRAPHY. 


(2.)   In  Fig.  Ill,  the  switch  divides  the  line  into  two  inde- 


A 


ff) 


B  B' 

<D-KD 


Fio.  111. 


pendent  portions,  hyjnUting  on  the  earth  between  the  two  instru- 
ments B  and  b'.    As  b'  is  now  required  it  is  thrown  into  circtdt. 
With  a  peg  switch  the  arrangement  would  be  : — 


Fio.  112. 

(1.)  The  peg  placed  between  a  and  c,  to  work  through  the 
whole  line. 

(2.)  The  peg  placed  between  A  and  b,  to  divide  the  line  into 
two  circuits. 

If  it  be  required  to  connect  the  line  A  B  either  with  the  line 
b'  c  or  b''  d,  or  to  make  the  three  lines  A  B,  b'  c,  b"  d  independent 
circuits : — 

(1.)  A  through  B  to  c,  D  and  b"  forming  a  separate  circuit. 
Place  pegs  to  connect  h  and  c,  d  and  ed, 

(2.)  A  through  B  to  D,  B  and  c  forming  a  separate  circuit. 
Pegs  connecting  6  and  d,  c  and  ec. 


swrrcBEs  or  commutators. 


(3.)  Each  circuit  separate,  i.e.  A  to  B,  c  to  b',  D  to  b". 
Pegs  connecting  b  and  e,  c  and  ec,  d  and  ed. 


Fio.  113 

The  same  changes  may  be  effected  with  a  switch  of  three 
levers. 

418.  The  Commutator  or  Universal  Swiieh  (Fig.  114)  enables 
us  to  connect  any  two  circuits. 


Two  sets  of  rods  or  plates  of  brass,  insulated  from  one  another, 
are  fixed  at  right  angles  ;  holes  are  drilled  through  both  sets,  so 
that  when  the  peg  is  placed  in  any  one  of  the  upper  holes,  it 
can  be  passed  through  the  corresponding  hole  in  that  bar  of  the 
lower  set  which  is  directly  under  it.  Thus,  any  of  the  upper 
bars  can  be  connected  to  any  one  of  the  lower. 
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The  peg  fits  tightly  in  the  upper  set  of  holes,  and  spring-tiglit 
in  the  lower  set.     This  switch  must  be  carefully  kept  clean. 

The  peg  switch  allows  of  the  greatest  number  of  combina- 
tions, and  is  the  cheapest ;  but  the  lever  switch  is  more  readily 
manipulated,  and  is  not  so  liable  to  be  left  wrong  carelessly,  so 
as  to  disconnect  the  line.  The  latter  form  is  especially  service- 
able when  it  is  required  to  change  several  connections  at  the 
same  time. 

419.  It  is  sometimes  required  to  cut  an  instrument  or  bell 
out  of  circuit. 


Fxo.  115. 


No.  1  (Fig.  115)  is  a  peg  switch,  placed  between  two  brass 
plates  connected  with  the  two  ends  of  the  coil  wire.  Nos.  2  and 
3  are  difierent  positions  of  a  lever  or  spring  switch,  through  the 
moveable  axis  or  harrd  of  which  is  passed  an  insulated  peg. 
When  the  peg  is  placed  in  the  hole  as  in  No.  1,  or  when  the 
barrel  is  turned  in  the  position  shown  in  No.  2,  so  as  to  connect 
the  two  springs  metallically,  no  current  will  pass  through  the 
galvanometer.  If  the  peg  is  removed,  or  the  barrel  turned  into 
position  3,  the  short  circuit  is  broken,  and  the  current  passes 
through  the  coil.  A  switch  of  this  kind  attached  to  an  alarum 
is  called  a  **  silent'* 
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420.  When  a  circuit  exceeds  a  certain  lengtL,  the  line  current 
becomes  so  much  enfeebled,  tliat  even  if  a  very  large  battery 
is  employed  at  a  sending  stotion,  signals  will  not  pass.  In  such 
cases  messf^es  were  formerly  transmilted,  that  in,  read  off  at 
an  intermediate  station  and  sent  on  afresh  by  a  second  clerk. 
This  duty  is  now  performed  automatically  by  a  translator  or 
r^KOter.  The  principle  of  translation  (carrying  beyond  or 
forward)  is  to  cause  a  relay  to  set  in  action  a  key  in  tbe  same 
manner  in  which  the  key  wpuld  be  actuated  by  a  clerk,  and 
thus  send  the  message  forward  through  a  fresh  circuit ;  or,  in 
other  words,  to  complete  the  circuit  between  a  batteiy  and  a 
second  litie  vnre,  in  the  same  manner  as  that  in  which  the 
local  circuit  is  completed  between  the  batteiy  and  the  Morse. 

421.  Fig.  116  shows  tbe  principle,  in  its  simplest  form,  by 
which  signals  may  be  translated  from  a  distant  station  b  to 
another  at  A,  on  the  single-current  system. 


Fio.  118. 

Let  the  two  screws  which  limit  the  movement  of  the  Morae 
lever  be  insulated  from  each  other,  and  from  the  lever  itself. 
Let  the  line  wire  B,/rom  which  tbe  signals  are  received,  be  con- 
nected through  the  electro-magnet  coils  to  earth;  let  the  line 
wire  A,  to  which  the  signals  are  to  he  translated,  be  connected  to 
the  lever ;  the  earth  to  that  screw  on  which  the  lever  lies  when 
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at  rest ;  one  pole  of  the  translating  battery  to  the  screw  to  which 
the  lever  is  attracted  when  a  signal  is  being  received,  and  the 
other  pole  to  the  earth. 

When  no  signals  are  passing  from  B,  the  lever  puts  the  wire  A 
to  earth.  When  a  signal  is  received  from  B,  the  lever-is  moved 
from  the  screw  connected  to  earth,  and  is  made  to  touch  the  stop 
or  screw  connected  to  the  battery,  so  that  the  line  wire  A  is  dis- 
connected from  the  earth  and  placed  in  contact  with  the  battery. 
The  signal  received  on  the  Morse  through  ^the  wire  b  is  thus 
sent  forward  (translated)  to  A.  By  a  chain  of  such  arrangements 
signals  may  be  sent  automatically  to  any  distance,  or  signals 
may  be  made  to  radiate  from  the  intermediate  office  to  the 
several  circuits  in  connection  With  it,  by  means  of  their 
respective  Morse  levers, 

422.  But  in  order  to  enable  A  and  b  to  speak  to  each  other,  or 
to  effect  translation  in  both  directions,  or  to  translate  to  other 
lines  radiating  frx)m  the  intermediate  station,  a  second  translator 
is  required,  and  a  switch  is  necessary  to  alter  the  connections 
when  it  is  desired  to  work  the  two  lines  separately. 

423.  SiNGLE-cuRRBNl?  TRANSLATOR, — The  diagram  (Fig.  117) 
shows  a  system  for  translating  from  one  line  to  another,  in  any 
direction,  from  a  central  station. 

A  a'  are  the  galvanometers  for  showing  if  the  current  passes, 
B  b'  the  small  commutators  or  switches  for  dividing  or  connecting 
the  lines,  c  c^  the  keys,  D  d^  the  Morses,  o  a'  the  relays,  and  K  e:^ 
the  relay  switches  for  changing,  when  required,  the  direction  in 
which  the  line  current  passes  through  their  coils,  H  the  great 
commutator  for  connecting  the  several  lines. 

The  diagram  shows  a  current  in  translation  from  A  to  a'  ;  the 
numerals  indicate  the  course  of  the  received  current,  the  small 
letters  from  a  to/  that  of  the  current  in  the  local  circuit  closed 
by  the  relay  G ;  and  the  small  letters  from  m  io  p  that  of  the 
new  current  translated  forward  by  the  action  of  the  Morse  d'. 

To  arrange  the  ^paratus  for  working  the  circuits  inde- 
pendently, the  pegs  in  b  and  b'  are  shifted  into  the  unoccupied 
holes ;  this  places  the  keys  c  c'  in  circuit,  disconnects  the  levers 
of  the  Morses  D  d'  and  the  commutator  H,  and  at  the  same  time 
puts  the  Morse  coils  in  circuit  with  their  own  relays. 


^ 
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No  special  apparatus,  except  the  switches  or  commutators,  is 
needed,  the  translator  being  composed  of  the  ordinary  signalling 
apparatus.  The  great  commidator  is  a  variety  of  the  system  of 
crossbars  described  at  p.  247 ;  every  important  circuit  is  con- 
nected to  it,  so  that  translation  can  be  effected  between  any  two 
of  them. 

424.  Double-current  Translator. —  Varley's  system. — This 
apparatus  consists  of  two  complete  sets  of  recording  instruments, 
each  consisting  of  a  Morse,  two  relays,  an  automatic  switch,  two 
ordinary  switches,  a  galvanometer,  and  a  key.  It  is  so  arranged 
that  the  two  circuits  can  either  be  worked  independently,  or  be 
connected  for  translation.  In  Fig.  118  the  apparatus  on  the 
left  of  the  earth  wire  is  connected  to  the  up  line,  that  on  the 
right  to  the  down  line,  and  is  shown  as  arranged  for  translation. 
A  is  a  galvanometer  placed  in  the  line  wire,  B  the  line  switch 
dividing  the  circuits,  so  as  to  be  worked  separately,  or  con- 
necting them  for  translation,  i  the  receiving  relay  which  closes 
the  local  circuit  containing  the  Morse  B,  F  the  automatic  switch 
for  reversing  the  current,  G  a  shunt  for  prolonging  the  dura- 
tion of  the  current  in  the  coils  of  F,  H  a  relay  wound  in  the 
reverse  direction  to  the  relay  i,  and  o  the  switch  of  the  double- 
current  key. 

In  this  system  the  line  wire  is  traversed  by  a  current  at  all 
times  during  the  passage  of  a  message ;  which  is  reversed  after 
each  signal,  so  that  it  is  alternately  positive  and  negative. 
When  the  lever  B  of  the  line  switch  is  turned  to  i  Q,  so  as  to 
connect  the  line  wire  with  the  lever  c  of  the  key  switch,  the  two 
circuits  are  divided,  so  as  to  be  independent  of  each  other^  and 
the  translator  is  not  in  action.  In  sending,  this  lever  c  is  turned 
to  s  (send),  and  the  key  is  then  connected  to  line,  so  that  each 
time  the  key  rests  on  its  back-stop  a  reverse  current  flows  to 
line  from  a  battery  connected  to  this  stop,  which  is  joined  up  in 
a  reverse  direction  to  the  sending  battery. 

In  order  to  enable  the  distant  station  to  reply,  the  line  must 
be  disconnected  from  the  key,  and  connected  to  the  receiving 
relay.  This  change  is  made  by  turning  the  switch  c  from  s  to 
R  (send  to  receive),  as  has  already  been  explained  in  treating  of 
the  double-current  system  (p.  242). 
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To  arrange  the  apparatus  for  translation,  the  line  switch  b  is 
turned  from  I  Q  to  D  F,  so  as  to  disconnect  the  line  wires  from 
their  respective  keys,  and  connect  them  to  the  relays  which  are 
to  perform  the  duty  of  the  keys.  But  the  change  from  send  to 
receive  must  still  be  made,  and  it  is  evident  that  in  translation 
this  change  cannot  be  made  by  hand,  but  must  be  effected  auto* 
matically.  It  is  effected  by  the  automatic  switch  F,  during 
every  slight  pause  in  the  signalling,  so  that  one  station  can  stop 
the  other. 

Now,  in  translation,  the  lever  of  the  Morse  takes  the  place 
of  the  key,  the  key  itself  having  been  disconnected  by  the 
switch  B.  The  upper  stop  which  limits  the  motion  of  the  Moi*se 
lever  performs  the  duty  of  the  hack  stop  of  the  key,  and  the  lower 
stop  of  the  lever  the  duty  of  the  battery  stop  of  the  key.  The 
former  is  connected  with  the  reversing  battery  in  sending,  and 
with  the  relay  in  receiving,  by  the  automatic  switch  F,  just  as 
the  connections  of  the  key  are  changed,  in  hand  signalling,  by 
the  switch  c.  It  is  necessary  that  this  switch  be  held  in  contact 
with  the  lower  stop  during  the  whole  period  signals  are  being 
translated,  in  order  that  a  reverse  current  may  flow  to  line 
during  the  interval  between  each  signal;  it  must  also  rise 
during  any  pause  in  signalling,  so  as  to  connect  the  line  with 
the  receiving  apparatus,  and  enable  the  distant  station  to  reply. 
It  must,  therefore,  be  held  down,  not  only  by  the  marking  cur- 
rent, but  also  by  the  reversing  current  received  from  the  distant 
station,  and  for  an  instant  after,  so  that  a  reversing  current  shall 
be  sent  forwaTd  by  the  lever  of  the  Morse  when  it  rises  and 
touches  the  upper  stop,  having  sufficient  duration  to  act  upon 
the  instrument  to  which  the  signal  is  sent  forward. 

To  effect  this,  the  electro- magnet  of  the  automatic  switch  F  is 
placed  in  the  local  circuit  containing  the  Morse  e,  so  that  both 
it  and  the  Morse  are  acted  on  by  the  relay  i,  and  held  down  by 
it  during  the  signal.  It  is  also  placed  in  a  second  local  circuit 
closed  by  the  relay  H,  by  which  it  is  held  down  during  the 
reversed  current.  These  relays,  H  and  i,  are  wound  in  opposite 
directions,  so  that  the  signalling  current  moves  i,  but  its  effect  on 
H  is  to  press  the  bar  more  firmly  against  the  insulated  stop,  to 
which  no  wire  is  connected.     The  reversed  current,  on  the  other 
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hand,  moves  H,  but  presses  i  against  its  insulated  stop.  I  closes 
a  circuit  containing  F  E,  and  the  local  battery,  and  moves  both  p 
and  E,  while  H  moves  F  only ;  the  lever  of  the  automatic  switch  F 
is  therefore  held  down  to  "send  "  by  both  the  direct  and  reverse 
currents. 

But,  were  there  no  other  force  acting  on  it,  the  lever  would 
rise  the  instant  the  currents  ceased,  so  that  the  switch  would  be 
turned  to  "receive"  before  the  Morse  lever  could  reach  its 
upper  stop.  No  reversed  current  would  in  this  case  be  sent 
forward  to  the  distant  station.  It  is,  however,  held  down  an 
instant  after  each  current  ceases,  by  a  special  arrangement 
which  allows  it  to  move  downwards  rapidly  from  its  normal 
position,  but  delays  its  rising  so  that  it  shall  not  have  tims  to 
do  so  until  a  pause  occurs  in  the  signalling. 

This  ejGPect  may  be  attained  by  placing  a  secondary  battery 
(56)  in  the  local  circuit  of  F,  so  that  the  polarization  caused  by 
the  local  current  which  flows  through  it  when  the  circuit  is 
closed  by  H  shall  hold  down  the  lever  of  F  for  a  second  or  two ; 
but  in  practice  it  is  found  that  as  the  duration  of  the  current  of 
polarization  depends  upon  that  of  the  local  current,  it  is  apt, 
when  the  local  circuit  has  been  closed  for  a  longer  time  than 
usual,  to  hold  the  lever  down  too  long. 

The  required  retention  can  be  obtained  without  this  defect  by 
shunting  the  electro-magnet  F  by  a  resistance  G  about  equal 
to  its  own,  so  as  to  afford  a  path  for  the  extra  current  direct 
(183),  which,  passing  through  the  magnet  coils  in  the  same 
direction  as  the  battery  current,  retards  its  demagnetiza- 
tion. The  duration  of  this  retardation  may  be  adjusted,  within 
ceiiain  limits,  by  varying  the  resistance  of  the  shunt,  and 
the  method  appears  to  be  free  from  objection.  The  power 
of  the  electro-magnet  is  somewhat  reduced,  but  not  incon- 
veniently so. 

The  diagram  is  arranged  to  show  a  signal  in  translation  from 
the  up  line  to  the  down,  the  unmarked  figures  denoting  the  suc- 
cessive steps  of  its  path. 

The  apparatus  is  drawn  as  if  arranged  for  translating  perma- 
nently between  the  sam^  two  lines,  or  for  working  the  two  by 
hand  as  separate  circuits ;   but  if  it  be  required  to  translate 
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between  any  two  of  the  lines  running  into  the  station,  a  distinct 
set  is  required,  which  may  be  connected  up  to  any  two  lines  at 
the  testing  box,  or  by  an  universal  switch. 

The  marked  figures  show  the  steps  Of  a  received  current  when 
the  line  switch  is  I Q  and  the  circuits  divided  so  as  to  be  worked 
by  key,  independently,  the  alteration  of  path  commencing  at  B. 

425.  Fig.  119  shows  another  form  of  double-current  translator 
with  double-current  keys,  instead  of  single-current  keys  with 
reversed  batteries  connected  to  the  back-stop  of  the  key ;  and  a 
switch  to  alter  the  connection  of  the  line  batteries,  so  as  to 
arrange  them  either  for  separate  circuits  or  for  translation. 

The  sounder  is  used  instead  of  the  Morse  recorder,  so  that 
the  attendant  may  hear  what  is  going  on,  and  be  able  more 
easily  to  watch  the  apparatus. 

The  relays  are  shown  at  rest,  but  ready  for  translation.  A 
current  arriving  from  the  up  line  will  follow  the  course  indicated 
by  the  numerals  1  to  13 ;  a  current  from  the  down  line  will 
follow  the  path  marked  by  the  letters  from  a  to  k.  The  current 
passes  in  opposite  directions  through  the  switch  relay  and  the 
sounder  relay,  so  that  the  armature  bar  of  the  one  is  moved  by 
the  4- ,  the  other  by  the  —  current.  But  as  the  coil  of  the 
switch  is  connected  directly  with  the  battery,  it  is  acted  upon 
,  when  the  circuit  is  closed  by  either  of  the  two  relays,  while  the 
sounder  is  actuated  by  its  own  relay  only ;  thus  the  switch  is 
held  down  to  send  both  by  the  marking  and  the  spacing  (or 
reversed)  current,  the  sounder  by  the  marking  current  only. 

The  battery  switch  connects  the  batteries  either  to  the  keys, 
or  to  the  automatic  switch  by  which  the  reversed  current  is 
sent. 

The  dotted  lines  indicate  the  path  of  the  local  battery  circuit, 
which  is  closed  by  the  relays. 

In  the  diagram  the  relays  are  shown  at  rest,  but  when  a 
marking  current  is  sent  from  the  "  up  "  station,  the  marking 
relay,  910,  is  drawn  over,  sending  a  current  from  the  local 
battery  through  the  translating  sounder  E  and  the  spacer  or 
switch  F,  which  are  held  down,  £  sending  a  marking  current 
through  the  galvanometer  B  to  the  down  line.  When  tiie  send- 
ing station  raises  his  key,  he  reverses  the  direction  of  his  cur- 
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rent,  releasing  the  relay  910,  and  closing  the  local  circuit 
through  the  spacer  F  only,  by  means  of  the  relay  11*12:  the 
sounder  and  the  relay  910  return  to  their  resting  position,  but 
as  the  spacer  is  still  held  down,  a  reversed  or  spacing  current 
takes  the  place  of  the  marking  current  through  the  galvanometer 
to  the  "  down  "  line. 

426.  A  translator  has  been  arranged  for  very  rapid  working, 
in  which  the  loss  of  time  arising  from  the  space  through  which 
the  sounder  lever  has  to  move  is  avoided.  The  current  is  sent 
forward  not  by  the  sounder,  but  by  a  third  relay,  the  sounder 
being  used  only  for  reading.  The  relay  bar  may  be  adjusted  so 
as  to  move  through  but  a  very  small  space,  while  the  sounder 
must  have  considerable  play. 

In  this  translator  the  adjustment  of  the  relays  is  very  im- 
portant. The  relay  bar  depends  solely  upon  the  attraction  of 
the  poles  of  the  polarized  electro-magnet  for  regaining  its 
position  of  rest  against  the  back-stop,  as  no  reverse  current 
passes  through  it.  It  must,  therefore,  be  adjusted  so  as  to  have 
a  decided  tendency  to  fall  back  rapidly  after  each  signal,  for 
otherwise  the  spacing  current  will  not  pass  out  to  line. 

When  this  relay  is  used  for  translating  the  signals  of  the 
automatic  system  its  action  can  be  tested  only  by  the  ear,  for 
its  movements  are  too  rapid  for  the  eye  to  follow,  especially 
with  such  small  play  as  is  necessary  to  avoid  loss  of  time  in 
relaying  the  currents. 

427.  Translation  between  the  Single  and  Double  Cur- 
rent Systems. —  Varley's  method. — Fig.  120  shows  Varley's 
ari*angement  for  translating  between  a  single-current  and  a 
double-current  system,  as  at  Amsterdam,  where  the  English 
system  meets  the  single-current  system  of  the  Continent. 

The  diagram  shows  a  current  in  translation  from  London  to 
Berlin.  The  right  side  shows  the  single,  the  left  the  double 
current  system. 

H  is  the  great  commutator  by  which  any  Continental  wire 
may  be  connected  to  any  London  wire,  A  and  a'  are  the  galvano- 
meters, B  and  b'  the  small  commutators  for  altering  the  connec- 
tions from  translation  to  independent  working,  c  and  (f  are 
the  keys,  D  and  d'  the  Morses,  E  the  automatic  switch,  F  the 
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shunt  for  preventing  the  switch  lever  rising  too  quickly,  G  and 
g'  the  relays  for  working  the  Morses.  The  numerals  show  the 
course  of  the  current  received  from  London,  the  letters  from  a 
to  e  the  local  circuit  closed  by  the  relay  working  the  Morse  D', 
and  those  from  m  to  p  the  current  sent  forward  to  Berlin.  The 
two  sets  of  apparatus  can  be  worked  separately  by  removing  the 
pegs  in  B  and  b'  into  the  unoccupied  holes. 

428.  It  is  necessary  that  translators  should  be  superintended 
by  an  efficient  clerk  who  is  able  to  read  by  sound,  so  as  to  hear 
what  is  passing  and  detect  immediately  when  adjustment  is 
necessary.  If  an  embossing  instrument  is  used,  the  paper  band 
should  be  removed,  in  order  to  allow  the  lever  to  move  freely. 

In  cases  of  apparent  inattention  to  a  call,  the  clerk  in  charge 
of  a  translator  should  satisfy  himself  that  no  fault  exists  in  the 
apparatus  under  his  care,  which  would  prevent  the  reply  passing 
his  station.  This  can  be  ascertained  in  a  measure  as  soon  as 
the  calling  station  pauses,  by  closing  the  line  switch  on  the  side 
from  which  the  reply  should  be  received,  thus  enabling  the 
reply  to  find  its  way  direct  to  the  relays  without  first  traversing 
the  levers  of  the  opposite  translators,  as  an  oxydized  point  of 
contact,  or  loose  connection,  would  interfere  with  its  passage. 
The  most  certain  method,  however,  is  to  send  a  current  from 
the  testing  battery  through  that  portion  of  the  apparatus  in 
which  the  fault  is  suspected. 

Great  care  is  required  with  respect  to  batteries  connected 
to  relay  apparatus,  as  they  ai*e  worked  very  hard^  The  most 
constant  form  should  be  selected,  and  exchanged  as  soon  as  the 
plates  become  thin.  About  30  cells  for  each  local,  and  70  to  80 
for  sending  sets,  in  ordinary  cases  should  be  sufficient.  Weak 
or  defective  battery  power  gives  rise  to  more  complaints  against 
the  relay  than  any  other  fault,  and,  therefore,  must  be  carefully 
guarded  against  by  frequent  tests,  and  personal  examination  of 
the  cells  when  any  doubt  exists.  Worn  plates  are  often  very 
deceptive,  and  in  testing  them  the  current  should  be  passed 
through  the  galvanometer  for  several  minutes,  and  if  any  falling 
off  of  the  deflection  can  be  observed,  the  set  should  be  at  once 
changed. 

It  is  very  necessary  that  all  points  of  contact  be  kept  bright 
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and  clean.  They  require  more  frequent  attention  in  damp 
weather  than  in  dry,  because  the  moist  atmosphere  assists  the 
formation  of  the  oxide,  which  offers  great  resistance  to  the 
passage  of  the  current,  and  sometimes  causes  a  spark  to  bridge 
across  the  short  space  between  the  battery  stop  and  the  lever, 
thus  putting  a  permanent  current  on  both  lines,  and  entirely 
stopping  the  working. 

The  play  between  the  contact  points  should  not  be  so  small 
as  to  risk  the  occurrence  of  this  fault. 

The  bar  of  the  relays  should  have  sufficient  play  to  break 
contact  with  one  of  the  stops  before  it  makes  contact  with  the 
other.  When  the  relay  connected  with  the  automatic  switch 
is  not  properly  adjusted  in  this  respect,  the  local  current, 
instead  of  acting  upon  both  the  Morse  and  the  switch,  will 
move  the  switch  only,  because  the  battery  current  finds  a  short 
route  through  the  spacer  only,  instead  of  through  the  Morse. 

429.  As  has  been  said  already,  particular  care  must  be 
taken  to  keep  the  lever  of  the  automatic  switch  firmly  down 
while  signals  are  passing,  otherwise  the  marks  will  be  confused, 
or  may  appear  at  the  receiving  station  as  a  continuous  line, 
owing  to  the  failure  of  the  reversed  or  spacing  current;  and 
when  a  cable  is  included  in  the  circuit,  should  the  lever  rise 
during  the  transmission  of  signals,  it  will  allow  the  discharge 
(or  return  current)  from  the  cable  to  find  its  way  to  the  opposite 
side  of  the  translator,  so  as  to  destroy  the  signals  from  the 
sending  station.  It  must  also  be  seen 
that  the  spacer  rises  when  the  sending 
station  moves  his  key-switch  to  seind,  or 
a  current  remains  on  the  line,  and  the 
receiving  station  wiU  be  imable  to  reply. 

430.  The  lever  of  the  translator  moves 
through  a  certain  space  before  making 
contact  with  the  battery,  so  that  the 
duration  of  the  current  sent  forward  is 
shorter  than  that  received  from  the  dis-  y^^  ^^^ 
tant  station.  A  second  translator  shortens 

it  still  more,  so  that  the  dots  cease  to  be  translated,  or  are  lost. 
The  sending  clerk  must  therefore  key  more  firmly  than  usual, 
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increasing  the  length  of  his  contacts,  especially  when  sending 
dots ;  and  when  insulation  is  defective,  springs  may  be  fixed  to 
the  lever  of  the  translator,  as  shown  in  Fig.  104,  to  improve  the 
contacts  by  giving  a  slight  rub,  and  to  lessen  the  time  lost  by 
the  movement  of  th6  lever. 

In  all  keys,  relays,  and  other  apparatus  for  sending  currents 
through  badly  insulated  wires,  there  is  a  very  great  advantage 
in  a  rubbing  contact  over  a  mere  blow.  When  there  is  a  great 
loss  from  leakage  on  the  line)  it  is  most  advantageous  to  prolong 
the  contact  of  the  key  by  a  spring,  so  that  a  larger  quantity  of 
electricity  may  flow  to  the  line. 


LETTER-INDICATING  INSTRUMENTS. 

431.  The  Hughes  instrument — ^This  apparatus  difiFers  from  all 
others  in  that  it  is  mainly  mechanical,  the  electrical  action 
being  confined  to  the  sending  a  single  short  current  at  the 
instant  the  type-wheel  is  in  the  proper  position,  and  only  one 
wave  is  needed  to  produce  a  letter. 

•  The  sending  and  receiving  instruments  are  precisely  alike, 
and  are  manipulated  by  a  keyboard  of  as  many  keys  as  there 
are  letters  and  signs  to  be  printed. 

Connected  with  the  keys  is  a  set  of  pins  arranged  radially  in 
a  circular  horizontal  plane,  throiigh  the  centre  of  which  a  ver- 
tical shaft  passes,  driven  by  clockwork  and  carrying  a  horizontal 
arm  called  the  chariot,  which  sweeps  round  a  little  above  the 
pins  and  without  touching  them.  When  a  key  is  pressed,  the 
corresponding  pin  rises  sufficiently  high  that,  when  the  chariot 
next  passes,  it  touches  it,  and  sends  a  current  through  the  in- 
strument coils  to  line. 

The  type-wheel  is  fitted  spring-tight  upon  an  axis  geared  into 
the  shaft  which  carries  the  chariot,  so  that  while  the  two  move 
together,  the  type-wheel  can  yet  be  shifted  in  position,  or  even 
stopped  without  stopping  the  wheelwork.     If  the  chariot  and 
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type-wheel  are  adjusted  so  that  the  former  shall  touch  the  pin 
which  has  been  raised  by  depressing  the  key,  and  thus  send  a 
current  to  line  at  the  instant  the  corresponding  letter  is  opposite 
the  paper ;  it  follows  that,  if  the  paper  is  at  this  moment  lifted 
into  contact  with  the  type,  by  means  of  the  current,  the  required 
letter  will  be  printed. 

The  speed  is  regulated  by  a  vibrating  spring  carrying  a  weight, 
and  any  small  error  in  the  position  of  the  type-wheels  caused 
by  one  instrument  running  faster  or  slower  than  the  other,  is 
rectified  by  the  correcting  lever,  which  forces  a  wedge  between 
the  teeth  of  a  star-wheel  fixed  upon  the  type-wheel,  and  brings 
it  into  position. 

The  current  is  made  to  print  the  letter  in  this  way: — A 
hollow  shaft  canying  three  cams  is  fitted  upon  the  axis  of  a 
wheel  which  gears  into  that  which  drives  the  type- wheel.  This 
hollow  shaft  is  not  carried  round  by  the  axis  which  passes 
through  it  until  the  two  are  locked  together  by  a  detent,  which 
is  itself  put  into  action  by  the  current  passing  through  the  coils 
of  an  electro-magnet. 

The  two  then  revolve  together,  and  the  following  actions  take 
place : — 

(1.)  The  first  cam  corrects  the  type-wheel  as  to  position. 

(2.)  The  second  cam  presses  the  paper  against  the  type. 

(3.)  The  third  cam  moves  the  paper  forward. 

(4.)  The  connection  between  the  cam  shaft  and  the  axis 
which  passes  through  it  is  broken,  and  the  cam  shaft  comes  to 
rest  A  fourth  cam  replaces  the  armature  upon  the  electro- 
magnet, and  the  apparatus  is  ready  to  receive  a  second  current. 

The  electrical  arrangements,  though  simple,  present  several 
specialities. 

The  electro-magnet  consists  of  two  soft  iron  cores  wound  with 
covered  wire,  and  each  fitted  upon  a  pole  of  a  permanent  magnet. 
The  armature  is  soft  iron,  and  when  placed  upon  the  electro- 
magnet is  retained  in  position  by  the  polarity  induced  in  the 
cores  by  the  permanent  magnet.  A  spring,  adjusted  by  a  screw, 
tends  to  remove  the  armature. 

If  a  current  passes  through  the  coils  in  such  a  direction  as  to 

develop  polarity  contrary  to  that  induced  by  the  permanent 

s  2 
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magnet,  the  armature  is  released,  and  immediately  it  has  quitted 
the  cores  it  moves  sharply  and  forcibly  under  the  full  force  of 
the  spring,  and  liberates  the  detent.  The  armature  is  replaced 
by  the  action  of  the  wheelwork. 

The  amount  of  attraction  between  the  cores  and  armature  is 
regulated  by  a  soft  iron  keeper  which  can  be  placed  across  the 
permanent  magnet. 

This  arrangement  is  exceedingly  sensitive.  Suppose  that  the 
*  induced  magnetism  in  the  cores  holds  the  armature  with  a  force 
represented  by  100,  and  that  the  spring  opposes  a  force  of  91,  a 
contrary  polarity  of  only  10,  produced  by  the  current,  will 
liberate  the  armature,  and  when  it  has  once  left  the  cores,  it 
will  rise  with  the  whole  force  of  91 ;  and  as  it  is  replaced  by 
the  wheelwork,  the  spring  which  acts  upon  it  may  be  set  stiffly, 
for  the  current  has  not  to  overcome  it  The  instant  the  arma- 
ture rises  the  coils  are  short  circuited,  and  the  received  current 
passes  direct  to  earth.  Suppose  100  parts  of  current  arrive,  and 
that  five  only  are  required  to  release  the  armature,  the  surplus 
will  pass  direct  to  earth. 

When  the  armature  is  replaced  upon  the  electro-magnet  by 
the  action  of  the  wheelwork,  an  extra-current,  in  the  same 
direction  as  the  received  current,  is  produced.  This  acts  as 
if  it  were  a  new  current  caused  by  the  touching  of  a  key 
and  if  the  resistance  of  the  line  be  small,  it  produces  a  con- 
tinued to  and  fro  action  of  the  armature,  and  a  succession  of 
letters  are  printed. 

Its  formation  is  prevented  by  the  breaking  the  circuit  of  the 
electro-magnet  by  the  cam  shaft  immediately  it  commences  to 
turn,  so  that  at  the  time  the  armature  is  replaced  there  exists  no 
circuit  for  the  extra-current. 

432.  The  apparatus  can  be  employed  as  a  chronoscope  to 
compare  very  short  intervals  of  time. 

For  this  purpose  the  correcting  cam  is  removed,  so  that  the 
type-wheel  is  not  adjusted  at  each  impression. 

If  the  instrument  is  on  short  circuit,  and  a  key  is  pressed,  the 
corresponding  letter  will  be  printed. 

But  if  a  long  wire  is  placed  in  circuit,  a  certain  time  will  be 
occupied  in  the. passage  of  the  current,  and  the  release  of  the 
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armature  will  be  delayed,  so  that  if  key  A  be  pressed,  the  letter 
A  will  not  be  printed  clearly,  or  it  may  be  B  or  even  0  may  be 
printed,  according  to  the  distance  the  type- wheel  has  run  during 
the  time  the  current  has  been  retarded. 

Now  suppose  the  type- wheel  makes  120  revolutions  per 
minute,  or  two  each  second,  and  there  are  28  letters  or  figures 
engraved  around  it.  Each  sign  will  pass  the  printing  lever  in 
yV  of  a  second,  and  if  the  retardation  be  that  interval  of  time , 
the  instrument  wiU  print  a  letter  in  advance.  Again,  if  the 
speed  of  the  type-wheel  be  adjusted  to  107-25  revolutions,  each 
letter  or  sign  will  pass  the  printing  lever  in  ^^^  of  a  second. 
If  the  retardation  now  be  Vir  of  ^  second,  B  will  be  printed 
for  A,  if  A,  O,  and  so  on. 

433.  The  Alphabetical  Telegraph  indicates  letters  upon  a  cir- 
cular dial  by  a  hand  or  pointer.  It  consists  of  two  parts — the 
dial,  or  indicator,  driven  on  the  step-by-step  method  by  alter- 
nating currents  from  a  magneto-electric  machine,  or  transmitter. 

In  Wheatstone's  apparatus  the  transmitter  contains  a  power- 
ful steel  compound  magnet,  having  two  electro-magnet  bob- 
bins attached  to  each  of  its  poles,  the  cores  of  which  are 
magnetized  by  the  induction  of  the  permanent  magnet. 

A  soft-iron  armature  is  fixed  on  a  horizoiital  axis,  driven  by 
a  wheel  and  pinion,  so  as  to  revolve  in  front  of  the  four  bob- 
bins and  close  to  the  poles  of  their  cores.  The  passing  of  the 
armature  decreases  for  the  instant  the  magnetism  of  the  cores, 
and  develops  alternating  (or  reversed)  currents  in  the  coils. 
Two  positive  and  two  negative  currents  are  produced  by  each 
revolution  of  the  armature  (189). 

The  armature  revolves  constantly  during  the  operation  of 
signalling,  and  produces  an  uniform  series  of  reversals ;  and  if 
the  right  number  of  reversals  be  allowed  to  pass  to  line,  the 
hand  of  the  indicator  will  be  carried  on  to  the  required  letter. 
The  number  of  reversals  is  regulated  by  keys. 

The  indicator  consists  of  a  ratchet-wheel  driven  by  a  delicate 
electro-magnetic  escapement.  Connected  with  the  escapement- 
wheel  is  a  pointer,  which  revolves  within  a  circle  of  letters 
engraved  on  the  dial;  each  reversal  causes  the  pointer  to 
advance  one  letter  by  a  step-by-step  movement,  and  it  remains 
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in  its  position  until  an  opposite  current  is  sent.  Thus,  to 
indicate  any  particular  letter  it  is  only  necessary  to  stop  the 
reversals  at  the  proper  time.  This  is  accomplished  by  the 
manipulator,  or  transmitter,  which  consists  of  a  series  of  thirty 
keys,  arranged  horizontally  in  a  circle,  and  corresponding 
respectively  to  an  equal  number  of  letters  and  signs  of  punctu- 
ation. These  keys  have  vertical  pieces  attached  to  and  forming 
part  of  them,  and  projecting  downwards. 

The  horizontal  axle  which  carries  the  armature  drives  a 
vertical  axle,  divided  into  two  parts  in  the  centre  of  its  length. 
The  lower  part  is  driven  by  bevelled  wheels,  and  drives  the 
upper  portion  by  means  of  a  ratchet  and  click.  The  ratchet  is 
fixed  to  the  lower  part,  the  upper  part  carries  an  arm,  to  the 
extremity  of  which  the  click  is  fixed;  the  end  of  this  upper 
axle  carries  a  pointer  which  shows  on  a  dial  the  movements  of 
the  arm.  During  each  revolution  of  the  lower  axle  a  sufficient 
number  of  currents  are  sent  to  carry  the  hand  of  the  indicator 
once  round  the  dial.  So  long  as  the  click  remains  in  the  teeth 
of  the  ratchet  the  two  parts  of  the  axle  revolve  together,  and 
the  reversals  pass  out  to  line ;  but  when  a  key  is  depressed  the 
piece  which  projects  below  it  comes  in  the  way  of  the  click, 
disengages  it  from  the  ratchet,  stops  the  upper  part  of  the 
axle,  and  breaks  the  connection  between  the  magneto-machine 
and  the  line-wire,  and  thus  prevents  the  reversals  passing  to 
the  line-wire  at  the  moment  the  number  required  to  carry  the 
indicator- hand  to  the  right  letter  have  been  sent. 

The  currents  are  stopped  in  this  way:  a  second  horizontal 
arm  is  fitted  spring-tight  on  the  upper  part  of  the  vertical 
axle,  so  that  if  the  arm  were  free  to  revolve  it  would  be  carried 
round  by  the  axle.  Its  motion  is,  however,  limited  by  two 
stops.  When  the  apparatus  is  at  rest,  the  arm  is  pressed  by  a 
spring  against  the  stop  connected  to  earth ;  but  when  the  axle 
turns,  the  arm  is  carried  by  friction  from  this  earth  stop  to  the 
second  stop,  which  is  itself  connected  to  the  coils  of  the 
magneto-machine.  The  arm  is  connected  through  the  indicator 
of  the  home  instrument  to  line,  and  thence  to  the  distant  indi- 
cator; so  that  so  long  as  the  axle  turns  the  currents  pass  to 
line,  but  when  the  axle  is  stopped  by  the  click  touching  the 
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depressed  key,  the  spring  attached  to  the  arm  overcomes  the 
friction  of  the  arm  on  the  axis  and  switches  the  line-wire  back 
to  earth,  stopping  the  passage  of  the  currents  outwards,  and 
placing  the  apparatus  in  position  for  recei>dng  currents  from 
the  distant  station. 

The  depression  of  a  second  key  raises  the  one  first  depressed, 
sets  free  the  revolving  arm  to  move  onward  until  it  is  again 
stopped  by  the  second  key,  when  the  operations  are  repeated. 


TRANSMISSION  BY  TWO  STATIONS  AT  THE   SAME 

TIME  ON  A  SINGLE  WIfiE. 


THE     AUTOMATIC      SYSTEM. 


In  order  that  the  present  Edition  may  give  the  latest  infor- 
mation respecting  these  systems,  their  description  is  transfen-ed 
to  the  Appendix. 


GENERAL  REMARKS  AS  TO  THE  MANAGEMENT 

OF  CIRCUITS. 

434  The  longer  the  line,  the  "better  the  insulation  required. — A 
very  inferior  insulator  suffices  for  a  short  line  of  but  few  instru- 
ments, but  if  there  be  many  instruments  in  circuit  the  insulation 
should  be  improved. 

The  greater  the  number  of  wires,  the  better  should  be  the 

insulation. 

It  is  impossible  to  insulate  a  long  line  too  welL  It  must  be 
remembered  that  an  efficient  telegraph  is  one  which  works  well 
in  all  states  of  weather,  and  consequently  the  insulation  must  be 
adapted  to  the  worst  weather,  not  to  the  average. 

Insulation  may  be  temporarily  improved  by  washing  with 

paraffin  oil. 

Insulation  is  more  important  near  the  extremities  than  in  the 

centre  of  a  circuit. 
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When  wires  run  through  districts  exposed  to  excessive  rain  or 
to  salt  spray,  so  that  insulation  is  well-nigh  impossible,  a  larger 
wire  should  be  used.  In  some  parts  of  India  an  iron  rod  is  used 
fixed  to  wood  supports,  and  with  advantage ;  the  great  conduct- 
ing power  of  the  rod  making  up  for  the  deficiency  in  insulation. 

435.  When  insulation  is  bad  and  cannot  be  improved,  the 
resistance  of  the  battery  should  be  lessened  by  using  large 
plates,  or  connecting  two  or  more  in  series,  side  by  side. 

436.  On  a  long  line,  apparatus  having  coils  of  considerable 
resistance  is  used  in  order  to  multiply  the  effect  of  the  current ; 
but  when  there  are  several  stations  in  the  circuit,  the  apparatus 
resistance  exceeds  that  of  the  line,  and  again  demands  a  battery 
of  higher  potential  and  of  greater  resistance  to  overcome  it.  In 
fine  weather  the  inconvenience  is  *not  felt,  because  there  is  then 
no  difliculty  in  obtaining  good  signals  with  even  a  very  small 
number  of  cells,  and  the  ordinary  working  power  is  always  much 
more  than  sufficient.  But  in  wet  weather  great  advantage  is  felt 
from  reducing  the  resistance  of  the  intermediate  instruments. 
It  is  obvious  that  when  leakage  exists  the  current  will  always 
be  more  powerful  at  any  one  of  the  intermediate  stations 
than  at  the  two  ends,  because  the  derived  circuits  gradually 
weaken  it. 

A  method  has  lately  been  tried  which  promises  good  results. 
Instead  of  using  coils  of  fewer  convolutions  and  of  less  resistance 
at  the  intermediate  stations,  a  shunt  is  placed  across  these  coils 
to  divert  a  portion  of  the  current  from  them,  and  thus,  by  re- 
ducing the  resistance  of  the  circuit,  to  produce  a  stronger  signal 
at  the  terminal  station. 

It  may  be  asked  whether  a  better  result  would  not  be  obtained 
by  winding  the  coUs  with  a  thicker  wire,  but  it  seems  that  even 
though  the  resistance  be  reduced  to  yV  by  a  shunt,  it  may  yet 
give  readable  signals ;  which  a  coil  of  a  reduced  number  of  con- 
volutions would  not  do  even  if  its  resistance  were  lowered  only 
to  a  fourth  part  of  the  original  resistance ;  because  in  the  case  of 
the  shunted  coil  the  small  portion  of  the  current  multiplied  by 
the  large  number  of  turns  of  the  wire  has  a  better  effect  than  the 
larger  portion  multiplied  to  a  less  degrea  And,  moreover,  as  a 
very  feeble  signal  is  sufficient  to  indicate  a  "  call"  where  the  per- 
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son  in  charge  is  attentive,  the  coils  may  he  shunted  so  low  that 
the  call  is  just  visible,  when  the  resistance  of  the  line  will  he  at 
its  minimum,  and  the  more  distant  stations  will  be  benefited  to 
the  utmost.  When  a  call  is  observed,  sufficient  current  may  be 
admitted  to  allow  the  message  to  be  read,  and  the  coil  again 
shunted  for  the  advantage  of  the  more  distant  stations. 

It  sometimes  happens  that  a  dozen  needle-instruments,  or  even 
more,  are  placed  upon  a  line  of  30  miles  or  less.  Now  the  re- 
sistance of  30  miles  of  No.  8  wire  is,  say,  400  ohms,  while  that 
of  twelve  ordinary  needle-instruments  is  1820  ohms.  In  such 
a  case  an  advantage  has  been  gained  by  winding  the  coils  of  the 
intermediate  instruments  with  a  thicker  wire,  so  as  to  reduce 
their  resistance  to  420.  But  on  account  of  the  leakage  in  wet 
weather,  it  has  always  been  necessary  to  place  coils  of  the  higher 
resistance,  say  of  152  ohms,  at  the  terminal  stations. 

Here,  again,  the  want  of  knowledge  in  the  persons  employed 
has  prevented  the  adoption  of  this  obvious  method.  Coils  of 
varying  resistance  have  been  provided,  but  it  has  been  found 
that  they  were  generally  used  in  the  wrong  places.  Hence, 
practically,  coils  are  made  of  uniform  moderate  resistance. 
Very  long  coils  are  suited  for  fine  weather  only, 

437.  When  insulation  is  very  defective  and  there  is  much  con- 
tact, it  is  not  desirable  to  use  too  sensitive  an  instrument  upon 
the  shorter  circuits  on  the  poles.  As  a  last  resource  the  coils  of 
the  needle-instrument  may  be  opened,  that  their  action  on  the 
needle  may  be  so  far  lessened  as  to  render  it  insensible  to  the 
leakage  from  the  longer  circuits,  or  the  coils  may  be  shunted, 
and  the  battery  power  may  be  a  little  increased  to  make  up  for 
the  want  of  sensitiveness. 

A  faulty  wire  is  much  more  effectively  worked  upon  the 
double-current  system  than  by  single  or  unreversed  currents; 
consequently  the  Morse,  or  sounder,  is  more  suitable  for  such  a 
circuit  than  the  bell  or  the  modified  (two-line)  printing  system. 

In  working  such  a  line,  the  signals  should  be  made  firmly,  so 
as  to  lengthen  the  battery  contacts.  A  key  so  constructed  as  to 
do  this  mechanically  may  be  found  advantageous. 

A  key  sometimes  fails  from  the  earth  contact  not  being  fairly 
broken  before  the  line  contact  is  established. 
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A  dirty  key  will  frequently  send  a  current  on  short  circuit, 
but  not  on  the  line.  This  happens  when  the  resistance  of  the 
line,  added  to  that  of  the  key,  is  too  great  for  the  current  to  over- 
come. The  current  burns  or  hardens  the  oil  used  on  the  pivots, 
and  if  too  much  oil  ia  used  on  the  key,  it  becomes  mixed  with 
metal-dust  and  dirt,  so  as  to  coat  over  the  insulated  parts. 

When  communication  is  interrupted,  the  sending  batteries  and 
apparatus  should  be  tested  on  short  circuit  by  connecting  to- 
gether the  terminals  leading  to  earth  and  line,  or  up  and  down 
line  respectively,  and  moving  the  key.  If  the  batteries,  key,  and 
connections  be  in  order,  the  machine  should  move ;  for  the  line 
is  now  cut  out  of  circuit,  and  is  replaced  by  the  wire  used  to  put 
the  apparatus  on  short  circuit. 

In  sending,  attention  should  always  be  paid  to  the  galva- 
nometer, in  order  to  ascertain  whether  the  current  passes  out  to 
the  line.  A  clerk  should  always  be  able  to  estimate  the  sen- 
sitiveness of  his  galvanometer,  and  to  know  whether  the  current 
which  passes  through  it  is  weaker  or  stronger  than  usual.  If 
weaker,  the  fault  may  be  in  his  sending  batteries ;  there  may  be 
a  disconnection,  or  partial  disconnection,  on  the  line,  or  a  defec- 
tive point  of  contact  in  his  key :  if  much  stronger  than  usual, 
the  fault  will  be  earth  on  line :  if  extremely  strong,  the  cause 
will  be  earth  near  his  station,  or  perhaps  in  the  office. 

438.  The  cores  of  electro-magnets  should  not  be  in  connection 
with  the  earth,  as  the  coil  is  then  very  liable  to  be  fused  by 
lightning. 

439.  Forked  Circuits, — It  is  often  necessary  to  place  in  circuit 
three  stations,  whose  line-wires  radiate  from  a  common  centre  in 
the  manner  of  the  portions  of  the  letter  Y.  Let  the  station  at 
the  foot  of  the  Y  be  A,  the  upper  right-hand  station  B,  the  upper 
left-hand  c,  and  the  point  where  the  three  lines  meet  D.  In  the 
ordinary  method  either  c  or  B  would  be  placed  in  a  loop  of  two 
wires.  But  if  the  resistances  of  the  arms  b  and  o  do  not  mate- 
rially differ,  the  circuit  may  be  forked  or  bifurcated  at  D.  If 
relays  with  soft-iron  armatures  are  used,  so  that  the  instruments 
are  actuated  in  the  same  direction  with  either  positive  or  nega- 
tive currents,  no  special  arrangements  will  be  necessary ;  but  if 
polarized  relays  or  needle-instruments  be  employed,  it  will  be 
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necessary  to  fix  a  switch  for  reversiDg  line,  earth,  and  batteries 
at  either  B  or  c. 

Let  the  switch  be  fixed  at  b  :  its  normal  position  should  be 
such  that  the  instrument  at  b  is  connected  up  similarly. to  that 
at  c,  so  that  the  signals  from  A,  which  would  spUt  or  divide  at  D, 
may  pass  through  b  and  c  in  the  same  direction.  A  can  then 
speak  either  to  B  or  c,  and  vice  versd  ;  but  B  cannot  speak  to  0, 
because  the  instruments  at  those  two  stations  are  not  joined  up 
according  to  the  rules  laid  down  for  needle-instruments  in  para- 
graph 359.  But  if  the  line  and  earth  can  be  reversed  by  the 
switch  at  B,  the  currents  will  pass  through  b's  coils  in  the  right 
direction.  The  switch  being  arranged  so  as  to  reverse  the  bat- 
teries at  the  same  time,  b's  current  will  now  be  in  the  proper 
direction  to  speak  to  c,  but  will  be  reversed  at  A.  This  is  of 
no  importance. 

It  will  readily  be  seen  that  if  it  be  arranged  to  "  call "  B  by  a 
given  signal,  that  station  will  know  that  when  the  "call"  is 
reversed  the  switch  must  be  turned. 

440.  IVansmission  to  several  stations  simtUtaneottsly, — It  often 
happens  that  intelligence  is  required  to  be  transmitted  to  a  con- 
siderable number  of  stations,  and  it  is  obviously  desirable  that  as 
many  as  possible  should  read  it  at  the  same  time.  With  ordinary 
care  and  attention  on  the  part  of  the  clerks,  six  or  more  can  readily 
read  the  same  dispatch,  if  their  instruments  are  in  circuit  to- 
gether. If  two  lines  branch  or  fork  off  at  the  intermediate  sta- 
tion D,  a  translator  or  repeater  can  be  placed  there  in  the  wire 
leading  from  A  to  c ;  the  current  from  A  will  pass  through  this 
instrument  to  c  direct,  and  will  be  relayed  on  to  B  by  the  re- 
peater at  D,  The  original  current  might  be  forked  to  c  and  B, 
as  shown  in  the  preceding  paragraph ;  but  the  signals  are  more 
certain  under  the  system  of  translation,  because  they  are  not 
affected  by  a  variation  in  the  relative  insulation,  or  in.  the 
resistances  of  the  several  branches. 

By  means  of  a  combination  of  the  automatic  system  with  that 
just  described,  the  same  perforated  paper  is  made  to  transmit 
newspaper  messages  to  several  groups  of  six,  or  even  more 
stations.  The  transmitting  apparatus  are  arranged  side  by  side, 
and  the  ribbon  passes  through  each  in  succession. 


PART  X. 
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441.  The  testing  of  snbmarine,  and  even  of  long  nndeigronnd 
lines,  demands  far  more  electrical  knowledge  and  much  greater 
care  than  is  necessary  for  overground  wires.  The  principal 
apparatus  used  are  the  differential  galvanometer  and  resistance 
coils  or  rheostat^  which  have  already  been  described:  the 
Wheatstone  balance,  the  Peltier  and  the  Thomson  electrometer, 
and  the  Thomson  or  some  other  delicate  galvanometer. 

442.  The  Electrometer  of  Milner  or  Peltier  consists  of 
a  light  wire,  generally  of  aluminium,  pivoted  by  a  polished  steel 
cap  upon  a  fine  point.  All  the  parts  are  in  metallic  connection 
with  each  other,  but  insulated  from  the  base  board.  A  fragment 
of  a  sewing-needle  magnetized  is  fixed  to  the  moveable  wire,  to 
cause  it  to  regain  its  position  after  having  been  deflected.  To 
adjust  the  instrument,  it  is  turned  round  until  the  wire  lies 
pcu^allel  to  the  horizontal  rod.  The  insulated  wire  to  be  tested 
is  attached  to  the  knob.  It  is  charged  by  a  spark,  or  by  being 
touched  with  a  wire  connected  to  a  battery  of  100  cells  or  more ; 
the  wire  of  the  electrometer  will  be  repelled  by  the  rod,  and  its 
deflection  may  be  read  off  upon  a  graduated  scale.  A  mirror  is 
generally  placed  below  the  scale,  and  in  reading  off,  the  move- 
able wire  and  its  deflection  are  brought  into  one,  or  made  to 
coincide.  As  the  charge  escapes  from  the  wire  under  test>  the 
divergence  of  the  electrometer  will  gradually  decrease. 

The  apparatus  must  be  very  perfectly  insulated,  but  there  will 
always  be  some  loss,  the  amount  of  which  must  be  ascertained, 
and  allowed  for.     The  interior  can  be  kept  dry  by  placing  in  it 
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a  saucer  containing  chloride  of  calcium.  The  electrometer  is 
sometimes  surroimded  by  a  wire  cage  connected  to  earth,  to  cut 
off  exterior  induction. 


Fio.  122. 

443.  Thomson's  Reflectinq  Electrometeb. — ^This  instra- 
ment  is  fully  described  in  tbe  report  of  the  Btandards  committee 
of  the  British  Association  for  1867. 

A  polished  brass  disc  is  divided  into  four  quadrants,  arranged 
in  a  horizontal  plane,  one  of  which  can-be  moved  outwards  from 
the  centre  by  a  micrometer  screw.  Above  the  quadrants  and 
parallel  to  them  an  insulated  broad  needle  of  thin  aluminium, 
canying  a  mirror,  is  suspended  by  a  thread  and  is  charged.    If 
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the  four  quadrants  are  all  equally  electrified,  the  needle  will 
have  no  tendency  to  alter  its  position ;  but  if  there  be  the 
slightest  difference  of  potential  between  the  opposite  pairs,  it  will 
be  repelled  by  the  one  pair  and  attracted  by  the  other,  and  the 
deflection  on  the  scale  will  show  the  difference  of  potential.  A 
very  small  magnet  is  attached  to  the  needle  to  give  it  a  directive 
force ;  large  magnets  are  fixed  outside  the  instrument,  and  are 
capable  of  being  adjusted  to  compensate  the  earth's  magnetism 
to  a  greater  or  less  extent,  and  alter  the  sensibility  of  the  needle. 
Its  sensibility  is  further  increased  by  raising  the  potential  of 
the  needle,  and,  in  order  that  its  indications  shall  be  constant, 
this  potential  must  be  constant  also.  These  objects  are  effected 
by  connecting  the  needle  with  the  inside  of  a  well-insulated 
Leyden  jar,  the  outer  coating  of  which  is  to  earth.  The  jar  is 
partially  filled  with  strong  sulphuric  acid,  which  forms  its  inner 
coating,  and  at  the  same  time  keeps  it  perfectly  dry,  so  that  it 
does  not  lose  its  charge.  Connection  between  the  jar  and  the 
needle  is  obtained  by  a  fine  platinum  wire  fixed  to  its  centre 
and  dipping  into  the  acid ;  the  wire  carries  a  small  weight 
which  tends  to  steady  the  needle. 

A  gauge  is  attached,  to  show  the  strength  of  the  chaise  of 
the  jar ;  it  is  a  little  electrical  weighbridge,  showing  the  force 
of  attraction  between  two  parallel  plates.  A  revolving  "doubler" 
is  provided  for  the  purpose  of  increasing  or  lessening  the  charge 
of  the  jar,  so  as  to  keep  its  potential  uniform ;  the  doubler  acts 
somewhat  on  the  principle  of  Holtz's  electrical  machine. 
Another  check  upon  the  constancy  of  the  apparatus  is  afforded 
by  the  moveable  quadrant.  If  all  else  is  constant — the  force  of 
the  magnets  and  the  charge  of  the  jar — a  certain  number  of 
turns  of  the  micrometer  screw  will  produce  in  every  case  the 
same  deflection  of  the  spot  of  light.  This  electrometer  may  be 
adjusted  so  as  to  show  a  difference  of  potential  as  small  as  the 
tenth  part  of  the  tension  of  a  single  Daniel!  cell. 
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444.  Percha  wire  intended  to  be  placed  underground,  or  in 
tunnels,  should  be  carefully  tested  by  a  delicate  galvanometer 
for  insulation,  then  covered  with  tape  soaked  in  Stockholm  tar. 

It  should  also  be  tested  for  continuity  or  resistance  before  it 
is  used.  It  is  not  often  that  continuity  fails,  but  now  and  then 
a  wire  wiU  be  broken  inside  the  gutta-percha. 

It  is  useless  to  test  for  insulation  until  the  vnre  has.  been 
soaked  in  water  twelve  hours,  to  give  the  water  time  to  enter  any 
small  pinhole  or  crack  which  may  exist.  A  small  fault,  if 
allowed  to  remain,  will  increase,  and  ultimately  spoil  the  wire. 
So  important  is  perfect  insulation  that  a  battery  of  250  cells, 
and  very  delicate  horizontal  galvanometer,  should  be  used  for 
these  tests. 

445.  The  wire  may  be  tested  for  insulation  by  ascertaining  if 
it  will  retain  a  charge.  Put  one  pole  of  a  battery  of  not  fewer 
than  50  cells  to  earth,  and  with  the  other  pole  touch  one  end  of 
the  wire  for  a  moment,  leaving  the  other  end  disconnected. 
After,  say  30  seconds,  put  the  wire  to  earth  through  a  galva- 
nometer, when  the  charge  will  pass  to  earth,  moving  the  needle. 
If  a  galvanometer  be  not  at  hand,  th€(  charge  may  be  taken  on 
the  tongue  with  equal  certainty  as  to  the  result,  and  without 
any  inconvenience  from  lengths  under  a  mile.  This  is  a  very 
good  rough  test. 

446.  A  more  accurate  test  may  be  made  by  the  Peltier 
electrometer.  Dry  the  coating  at  both  ends  of  the  wire,  pare 
off  the  outer  surface  of  the  percha,  wash  it  with  parafiSn  oil, 
or  for  very  delicate  tests  coat  it  with  solid  paraffin.  Connect 
one  end  of  the  wire  to  the  electrometer,  leaving  the  other  free, 
and  charge  the  wire  by  the  battery  as  before ;  the  needle  will 
diverge,  gradually  falling  back  to  zero  as  the  charge  escapes. 
The  time  occupied  in  the  falling  of  the  tension  one-half  ia  taken 
as  the  measure  of  insulation.  A  new  wire  of  No.  18  gauge, 
covered  with  percha  to  No.  7  gauge,  should  not  lose  its  charge  in 
less  than  10  minutes,  at  50""  Fahr. 
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But  the  graduation  of  this  instrument,  like  that  of  the  hori- 
zontal galvanometer  (122),  is  not  accurate,  and  for  the  same 
reason.  It  is,  therefore,  always  necessary  to  ascertain  by  trial 
what  angle  of  deflection  represents  one-half  the  tension.  Divide 
the  battery  into  two  equal  parts,  charge  the  wire  by  each  in 
turn,  and  take  the  mean. 

447.  When  the  wire  proves  defective,  the  fault,  if  not  very 
minute,  may  be  found  by  running  it  through  water,  connecting 
one  pole  of  a  battery  of  not  less  than  40  cells  with  a  good 
galvanometer,  the  galvanometer  with  the  wire,  and  the  other 
pole  of  the  battery  with  the  water ;  w^hen  the  fault  touches  the 
water  the  needle  will  move.  Or  the  wet  wire  may  be  run 
through  the  hand,  when  a  shock  will  be  felt  as  the  fault  passes. 

448.  To  find  a  fault  in  a  very  highly  insulating  core  covered 
with  a  good  conductor.  Hooper  s  material  for  instance,  the  coil 
is  wound  upon  two  insulated  reels  set  several  feet  apart,  the 
tape  is  carefully  removed  over  a  space  of  six  inches,  and  the 
rubber  washed  with  naphtha  or  paraffin  oil,  so  as  to  insulate  the 
two  portions  of  the  wire  one  from  the  other.  The  ends  are 
prepared  by  paring  and  coating  with  paraffin  to  prevent  surface 
conduction ;  one  is  left  free,  the  other  is  connected  to  an  ordinary 
electrometer. 

The  two  drums  are  next  connected  to  earth,  and  the  con- 
ducting wire  charged  from  a  battery  or  electrical  machine  in  the 
manner  of  a  Leyden  jar.  The  earth  wire  is  now  removed  from 
one  of  the  drums,  but  left  in  contact  with  the  other;  the 
deflection  of  the  electrometer  noted  to  ascertain  the  loss  by 
leakage  in  a  given  time.  The  connections  are  now  altered  so  as 
to  give  a  similar  test  to  the  portion  of  the  coil  on  the  other  reel, 
and  a  comparison  of  the  loss  from  each  shows  which  of  the  two 
contains  the  fault.  The  drum  containing  the  fault  will  obviously 
lose  its  charge  by  leakage  when  its  outer  coating  is  connected 
to  earth,  but  retain  it  so  long  as  the  outer  coating  remains  insu- 
lated, so  that,  if  the  conditions  of  the  two  are  reversed,  the 
electrometer  will  show  which  of  them  contains  the  fault. 

The  faulty  portion  is  then  partially  wound  upon  the  drum 
containing  the  sound  portion,  the  coating  again  removed  be- 
tween the  two  and  tested  in  the  same  manner.    The  process  is 
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repeated  until  the  exact  spot  is  found.    A.  very  minute  defect 
can  be  detected  by  this  method. 

449.  In  all  tests  of  covered  wire,  the  copper  pole  of  the 
battery  should  be  put  to  earth,  so  as  to  send  a  negative  or  zinc 
current  to  the  wire;  for  positive  currents  have  a  tendency  to 
lessen  a  fault,  negative  currents  to  increase  it.  The  copper 
current  oxidizes  the  bare  part  of  the  wire,  and  coats  it  with  an 
imperfect  conductor,  while  the  zinc  current  reduces  any  metallic 
salts  that  may  have  been  formed,  and,  as  it  were,  electrotypes 
a  clean  surface. 

Thus,  an  underground  wire  which  seems  perfect  if  tested  with 
a  copper  current,  will  sometimes  show  a  large  amount  of  earth 
when  a  zinc  current  is  used. 

450.  When  a  wire  is  too  defective  to  be  used,  while  the  fault 
is  too  small  to  be  readily  found  by  distance  tests,  it  may  be 
made  worse  by  keeping  a  powerful  zinc  current  upon  it  for 
several  hours.  And  a  bad  wire  may  be  made  better  for  a  time 
by  a  copper  current,  care  being  taken,  if  reversed  currents  are 
employed  in  signalling,  that  the  zinc  or  reverse  current  shall  be 
much  feebler  than  the  copper  or  sending  current ;  the  copper 
current  will,  however,  eat  away  the  wire  sooner  or  later. 

451.  In  tunnels,  if  a  fault  in  the  covering  is  exposed  to 
dropping  water  charged  with  salts  of  lime,  the  wire  is  frequently 
dissolved  away  for  a  quarter  of  an  inch  or  more,  the  current  still 
passing  by  the  conducting  power  of  the  solution  of  copper: 
hence  such  a  wire  works  best  in  wet  weather.  In  percha- 
covered  wire  which  has  lain  ten  or  fourteen  years  under  the 
street,  near  a  gas-pipe,  the  copper  has  been  entirely  converted 
into  sulphite  by  the  gas  liquid.  Iron  wires,  in  tunnels  through 
limestone  rock,  are  sometimes  corroded  by  drippings  of  water 
holding  lime  in  solution.  In  a  tunnel  near  Haddon  Hall,  in 
Derbyshire,  the  drippings  have  been  found  to  contain  free  sul- 
phuric acid. 

452.  In  a  tunnel  the  place  of  a  fault  may  be  found  thus : — 
Put  a  current  of  40  cells,  or  more,  upon  the  wire  at  the  mouth 
of  the  tunnel,  disconnecting  the  other  end.  Wrap  one  bare  end 
of  a  piece  of  covered  wire  with  wet  cotton  waste,  and  connect 
the  other  to  a  detector  in  connection  with  the  rail     Run  the 
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waste  along  the  tunnel  wire,  carrying  the  detector  forward  until 
the  needle  is  deflected  hj  the  current  escaping  through  the 
waste  at  the  fault.  .The  detector  may  be  fixed  to  a  staff  ending 
in  an  iron  point,  which  can  be  set  upon  the  rails,  which  should 
be  moistened  to  make  good  earth.  If  the  fault  is  large,  or  the 
battery  strong,  it  may  be  felt  by  holding  the  wet  waste  in  the 
hand,  and  running  it  over  the  wire.  The  wire  may  also  be  cut, 
and  tested  in  sections  for  earth. 

453.  It  is  not  possible  to  pick  out  a  wire  from  among  a 
number  in  underground  or  tunnel  work,  except  at  the  places 
where  they  are  labelled.  In  order  to  find  a  wire,  a  current  is 
sometimes  sent  through  it  from  a  battery  having  one  pole  to 
earth,  and  each  wire  is  cut  or  pricked  with  a  knife  in  succession 
until  one  is  found  which  causes  the  deflection  of  a  detector 
placed  between  the  knife  and  earth,  which  is  the  wire  sought. 
A  great  objection  to  this  method  is  that  it  is  difficult  to  insure 
the  perfect  sealing  up  of  the  incisions,  so  that  faults  are  pro- 
duced which  develop  themselves  in  course  of  time. 

An  instrument  called  a  wire-finder  enables  any  one  of  a 
number  of  wires  to  be  picked  out  without  cutting  the  covering. 
An  astatic  pair  of  needles  is  hung  upon  a  hair  in  a  box  having 
a  groove  in  its  side,  into  which  the  wires  can  be  placed  one  by 
one.  The  needles  are  connected  by  a  curved  bar,  so  that  one 
hangs  above  and  one  below  the  groove,  and  consequently  if  a 
wire  conveying  a  current  is  placed  in  the  groove,  the  needles  are 
deflected.  A  modification  of  this  apparatus  is  a  single  sus- 
pended horizontal  needle,  directed  by  a  bar  magnet  (125),  so  as 
to  stand  in  any  required  position  with  regard  to  the  meridian. 
This  is  placed  above  the  wires  in  such  a  position  that  they  can 
be  lifted  under  the  box  containing  the  needle.  The  former 
instrument  is  the  more  sensitive,  the  latter  is,  perhaps,  the  more 
easy  to  manage.  A  little  practice  will  enable  an  ordinary  work- 
man to  use  either  of  them. 

Where  there  are  wires  among  the  number  conveying  perma- 
nent currents,  the  direction  of  the  testing  current  must  be 
opposite  to  that  of  the  permanent  current,  and  the  direction 
in  which  the  instrument  will  be  deflected  by  each  must  be 
ascertained  beforehand. 
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454  Covered  wires  may  be  worked  if  hung  upon  hooks 
driven  into  the  walls  of  a  tunnel,  when  they  are  too  defective 
for  use  when  lying  in  a  trough  or  pipe.  If  they  are  removed 
into  the  open  air,  dried,  tarred  separately,  and  made  into  a  cable 
wrapped  with  tarred  canvas,  they  will  last  several  years.  When 
hooks  are  used  to  suspend  a  cable,  it  must  be  carefully  pro- 
tected from  chafing  at  the  points  of  suspension. 

455.  In  testing  covered  wire  for  faults,  it  is  more  convenient 
to  use  a  small  horizontal  galvanometer  than  a  vertical  detector y 
for  10  cells  with  the  former  will  be  more  effective  than  50  with 
the  latter,  so  that  the  trouble  of  carrying  a  large  number  of 
batteries  will  be  avoided.  When  a  tunnel,  a  leading  in,  or  other 
piece  of  covered  work  is  suspected  to  be  faulty,  it  should  be 
tested  in  wet  weather  ;  as  a  small  fault  which  will  impede  com- 
munication after  rain,  will  not  be  detected  in  dry  weather, 
except  by  a  very  delicate  apparatus. 

In  testing  insulated  wire,  it  is  better  to  accustom  workmen  to 
use  a  galvanometer  capable  of  showing  a  sensible  deflection  with 
a  minute  fault,  for  they  seldom  appreciate  the  fact  that  a  very 
small  deflection  upon  a  rough  and  heavy  galvanometer  may 
indicate  a  considerable  defect ;  but  seem  rather  to  consider  that 
a  leakage  which  does  not  produce  a  considerable  effect  upon 
their  particular  instrument,  whatever  it  may  be,  is  not  impor- 
tant enough  to  be  sought  out. 

456.  When  wires  are  made  up  into  a  bundle  or  cable,  it  is 
frequently  necessary  to  number  or  label  them  at  both  ends  after 
they  are  laid.  A  detector  is  placed  at  each  end,  a  current  is  sent 
upon  one  of  the  wires  through  the  detector  from  a  battery  con- 
nected to  earth,  and  the  distant  ends  of  the  wires  are  put  to 
eaiih  through  the  second  detector,  one  by  one,  until  the  wire 
conveying  the  current  is  found.  Both  detectors  now  deflect, 
and  the  person  sending  the  current  wiU  know  that  the  wire  has 
been  identified.  The  wire  is  now  numbered  oncj  and  the  current 
is  sent  on  the  second  wire,  and  so  on.  It  is  better,  to  prevent 
mistakes,  for  the  sender,  when  he  sees  the  wire  is  found,  to 
indicate  its  number  by  signal ;  and  when  there  are  many  wires 
in  the  cable,  a  single-needle  instrument  may  be  used,  to  enable 
the  parties  to  speak  to  each  other  if  necessary. 
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457.  In  planning  a  cable  the  principal  points  needing  atten- 
tion are:  first,  the.  form  and  strength  of  the  sheath  or  outer 
covering,  which  must  be  suited  to  the  sea-bottom  on  which  it 
is  to  lie ;  second,  the  insulation,  which  must  be  perfect,  for  how- 
ever minute  a  defect  may  be,  it  will  increase  and  in  time  stop 
the  communication ;  thirdly,  the  conducting  power,  which  should 
be  as  high  as  possible ;  and  fourth,  the  inductive  capacity,  which 
must  be  low.  On  the  two  latter,  the  speed  of  signalling,  and 
therefore  the  commercial  value  of  the  cable,  depend.  Lastly, 
economy  of  material  must  be  studied. 

It  is  with  the  electrical  questions  we  mainly  have  to  deal ;  the 
mechanical  details,  as  well  as  the  weights  of  the  conducting 
wire  and  the  insulator  of  the  principal  modern  cables,  are  given 
in  Table  XVIII. 

The  speed  with  which  signals  can  be  transmitted  through 
cables  is  governed  by  the  time  required  for  a  current  to  attain  a 
given  proportion  of  its  maximum  strength  at  the  distant  end, 
and  this  depends  upon  their  length,  their  inductive  capacity, 
and  the  resistance  of  their  conductors. 

458.  Inductive  (or  dectrostatic)  capacity, — ^By  the  capacity  of  a 

condenser  or  cable  is  meant  its  power  to  receive  a  charge ;  the 
spedjic  capacity  of  a  cable  is  this  power  when  considered  with 

reference  to  an  unit  of  length :  thus,  if  in  two  cables,  each  one 

knot  long,  the  one  is  able  to  take  double  the  charge  of  the  other, 

its  specific  capacity  will  be  double. 

459.  The  specific  capacity  of  an  insulating  substance  is  its 
power  of  aflfecting  induction  as  compared  with  that  of  air.  If 
one  of  the  two  plates  of  a  condenser  has  the  power  of  causing  an 
inductive  effect  upon  the  other  equal  to  1,  when  the  plates  are 
separated  by  air  only,  the  filling  the  interval  between  them  by 
Hooper's  india-rubber  will  increase  the  induction  to  3"1,  and  if 
percha  is  used  the  effect  will  be  4*2  greater  than  with  air. 
The  specific  capacities  of  air.  Hooper's  rubber  and  percha,  are 
therefore  said  to  be  1,  31,  and  4*2  respectively. 
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Inductive  capacity  is  increased,  in  a  very  small  degree,  by 
increased  pressure  or  elevation  of  temperature. 

460.  Formula  for  the  specific  capacity  of  a  cable, — Thomson  has 
calculated  the  following  formula  for  the  specific  inductive  capa- 
city of  the  cylindrical  condenser,  which  a  cable  forms  ;  from  the 
known  laws  of  induction  between  concentric  curved  surfaces  :-r- 

The  specific  inductive  capacity  of  the  material  used  as  an 
insulator,  divided  by  twice  the  Napierian  ^  logarithm,  or  log.  e, 
of  the  ratio  of  the  diameters  of  the  coating  and  conductor ; 
a  deduction  of  five  per  cent,  being  made  from  the  diameter  of  a 
strand,  because  of  the  irregularity  of  its  surface.  Thus — let  J) 
be  the  outer  diameter  of  the  core,  d  the  diameter  of  the  con- 
ducting wire,  and  /  the  specific  inductive  capacity  of  the  insulator 

The  specific  inductive  capacity  of  the  cable  = 

2  log.e  f 

If  a  thickness  of  coating  t  produces  a  certain  inductive  capa- 
city, to  halvQ  this  capacity  another  layer  must  be  added  which 
is  as  much  greater  than  t  as  the  diameter  J)  of  the  coating  is 
greater  than  that  of  the  conductor  d  ;  that  is. 

If  a  thickness  t  give  a  capacity  of      .....    3*0 

A  thickness  ^  +  ^  ~  ^^1  reduce  the  capacity  to    .     1'5 

d 

And  '    „      ^  +  ^|-h^^  „        „        to    .     10 

461.  Laws  governing  the  dimeTisions  of  cables. — (1.)  The  speed  of 
a  wave  through  cables  of  the  same  length  varies  inversely  as  the 
product  of  the  inductive  capacity  and  the  resistance  of  their 
conductors. 

(2.)  In  cables,  similar  in  all  respects  except  length,  the  speed 
of  each,  s  and  s,  is  inversely  proportional  to  the  squares  of  their 
respective  lengths,  1  and  I ;  or, 

«  :  S  :  :  1*  :  P. 

^ , I  I 

^  ThomBOQ  uses  the  Napierian  log.  or  log.^  for  mathematical  reasons,  but 
the  ordinary  log.  is  most  generally  used  in  cable  tests.  To  convert  an  ordinary 
log.  into  log.^;  multiply  by  2*808. 
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For  when  the  length  is  doubled,  the  capacity  for  charge,  and 
therefore  the  charge  itself,  is  doubled:   and  besides  this,  the 
waves  of  charge  and  discharge  have  twice  the  distance  to  travel, 
consequently  the  retardation  is  increased  fourfold. 
These  laws  may  be  expressed  in  the  following  manner : — 


S^ 


L*  E  I 


Where  l  is  the  length  of  wire,  expressed  in  knots ;  E  the 
resistauco  of  the  conductor  expressed  in  ohms  per  knot;  / 
the  inductive  capacity  of  the  cable  expressed  in  microfarads ; 
and  s  the  speed. 

(3.)  In  cables  alike  both  in  material  and  length,  but  differing 
in  the  diameters  of  their  conductors,  d  and  d,  and  insulators 
D  and  D : 

8  :  B  :  :  d^  log.    - :  d^  log.  ^ 

(4.)  When  the  lengths  1  and  I  are  difiFerent  also,  then 

5  :  s  :  :  P  d^  log.  --  :  P  d^  log.  j 

d  d 

Theoretically  the  time  of  ckargey  or  speed  of  a  wave,  is  not 
influenced  by  a  variation  in  battery  power,  but  practically  a 
stronger  battery  more  quickly  raises  the  current  to  a  sufficient 
strength  to  affect  the  receiving  instrument. 

In  cables  of  similar  length  and  of  sunilar  materials,  but  of 
difierent  dimensions,  the  amount  of  charge  is  inversely  propor- 
tional to  the  log.  -•    The  larger  the  logarithm,  the  smaller  the 

Cbm 

capacity  of  the  cable.  When  the  diameters  of  the  conductor 
and  insulator  preserve  the  same  ratio  one  to  the  other,  the  in- 
ductive capacity  remains  constant. 

In  perfectly  similar  cables,  insulated  at  their  distant  ends, 
amount  of  charge  is  in  direct  proportion  to  their  lengths,  and  to 
the  number  of  cells  used. 

When  insulation  is  perfect,  charge  and  dischai^e  are  equal ; 
when  faulty,  discharge  is  less  than  charge  by  the  amount  of 
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leakage.    An  instantaneous  discharge  is  not  affected  by  slight 
leakage,  for  the  charge  has  not  had  iime  to  escape. 

462.  When  the  diameter  of  the  core  is  fixed,  there  is  a  loss  in 
speed  if  the  conductor  is  too  small ;  because,  although  the  coat- 
ing is  now  thicker  and  the  inductive  capacity  in  consequence 
less,  the  increase  of  speed  due  to  this  cause  is  more  than  counter- 
balanced by  the  loss  occasioned  by  diminished  conductivity  in 
the  wire.  On  the  other  hand,  if  the  conductor  is  too  large, 
speed  is  lowered  by  increased  inductive  capacity  in  a  greater 
degree  than  it  is  raised  by  lessened  resistance. 

There  is,  therefore,  some  proportion  which  gives  the  highest 
possible  result,  and  it  has  been  shown  mathematically  by 
Thomson  that  this  proportion  is  attained  when  the  diameter 

of  the  core  being  2>,  that  of  the  conductor  is  -■    ^  ^,  1*649  being 

1*d49 

the  square  root  of  2'718,  the  base  of  the  Napierian  system  of 
logarithms.    In  this  case  log.  -=  is  -2172. 

463.  But  practically,  as  Thomson  shows,  the  insulator  of  such 
a  cable  would  be  so  thin  as  to  be  very  susceptible  of  injury,  so 
that  the  diameter  of  the  conductor  must  be  decreased  in  order 
that  the  thickness  of  the  coating  may  be  increased.  Hence  the 
great  advantage  of  greater  purity  of  copper,  which  gives  the 
benefits  of  a  thicker  conductor  without  its  inconveniences. 

Speaking  generally,  however,  when  it  is  designed  to  increase 
speed,  it  is  better  to  increase  the  weight  of  the  conductor  rather 
than  that  of  the  insulator. 

The  greatest  proportional  thickness  of  conductor  is  met  with 

in  the  original  Malta- Alexandria  Cable,  the  ratio   ---  in  which 

a 

is  3'02 ;  in  the  Atlantic  the  ratio  is  3*18  and  its  logarithm 
aog.5).502. 

464.  In  superintending  the  manufacture  of  a  cable,  the  first 
step  is  to  ascertain  if  the  copper  wire  provided  for  the  conductor 
agrees  with  the  specification  as  to  weight  and  purity ;  thi?  should 
be  done  before  the  wire  is  spun  into  a  strand. 

The  strand  is  then  covered  with  gutta-percha  in  lengths  of  a 
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knot,  (the  covered  wire  is  technically  called-  core) ;  fifteen  days 
are  allowed  for  the  percha  to  harden,  and  each  coil  is  immersed 
in  water  at  75'  F.  for  twenty-four  hours.  While  in  the  tank,  first, 
the  resistance  of  the  conductor  is  determined;  second,  the 
capacity  of  the  coil ;  third,  its  insulation. 

The  several  coils  are  then  joined  together,  the  joints  tested, 
the  core  served  with  hemp,  and  the  insulation  of  the  served  core 
compared  with  the  previous  tests.  The  core  is  then  "  laid  up  " 
into  cable  and  sheathed,  an  insulation  and  continuity  test  is  con- 
stantly applied  during  the  process,  so  as  t-o  detect  the  minutest 
fault  on  the  instant;  the  cable  is  also  specially  tested  daily 
for  insulation  and  resistance.  As  the  length  increases  the  in- 
sulation readings  become,  necessarily,  lower,  and  after  a  certain 
length  can  be  taken  by  the  bridge  in  the  ordinary  way. 

The  capacity  of  the  cable  is  also  tested  repeatedly  during  the 
process  of  manufacture. 

The  Conductoh. 

465.  Copper  is  always  used,  not  as  a  solid  wire,  but  in 
several  wires  stranded  for  security  against  breaking. 

In  connecting  up  two  lengths  of  solid  wirie,  each  end  is  filed 
'so  as  to  form  a  scarf  joint,  which  is  well  soldered  with  rosin 
then  bound  or  wrapped  closely  with  fine  wire,  again  soldered 
and  lastly  re-wrapped  with  fine  wire,  soldered. at  each  end  only, 
so  that  it  may  pull  out  and  keep  up  commimication  in  case  the 
joint- stretches  or  breaks. 

In  joining  a  strand,  the  several  wires  are  soldered  together  so 
as  to  form  one  soKd  wire,  which  is  scarfed  and  treated  in  the 
manner  already  described. 

466.  The  greater  the  conducting  power  of  the  copper  strand, 
the  higher  the  speed  of  the  cable ;  provided  the  (inductive)  capa- 
city is  not  increased  at  the  same  time.  But  if  the  diameter  of  the 
conductor  is  increased,  the  capacity  of  the  cable  will  be  increased 
also,  because  the  two  coatings  of  the  Leyden  jar,  or  condenser, 
are  brought  nearer  together  by  the  increase  of  the  surface  of  the 
conductor,  unless  indeed  the  thickness  of  the  insulator  is  made 
greater  by  using  a  larger  quantity  of  material 
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Bat  if  it  be  possible  to  increase  the  candiictivity  of  the  strand 
without  adding  to  its  bulk,  the  inductive  capacity  of  the  cable 
remains  unaltered,  and  the  full  advantage  of  the  greater  con- 
ducting power  is  obtained.  This  is  effected  by  increasing  the 
purity  of  the  copper. 

'■  467.  Purity  of  Capper, — ^The  attention  which  has  been  paid  to 
this  point  is  shown  by  the  improvement  which  has  been  effected 
since  the  Malta-Alexandria  Cable  was  laid  in  1861. 

Taking  the  specific  conductibility  of  pure  copper  as  100,  the 
conductivity  of  the  copper  of  the  following  cables  are — 

1861.  Malta-Alexandria        .    .    ,    .    .  85*39 

1866.    Lowestoft-Nordemey 9232 

1865.  Atlantic ,     .    .  9308     . 

1866.  Do 94-63 

•     1869.    French  Atlantic 9490 

1870.    West  Indies  and  Panama     .     .    .    9616 


The  specification  for  the  conductor  of  a  cable  states  its  weight 
per  mile  and  percentage  of  conductivity,  pure  copf)er  being 
taken  as  100.  These  points  are  carefully  ascertained  before  the 
wire  is  twisted  into  a  strand. 

In  testing  the  -purity  of  the  copper,  great  attention  is  neces- 
sary to  the  following  points,  especially  if  the  length  of  the 
sample  be  short. 

The  wire  should  not  be  stretched  to  straighten  it,  but  may  be 
]aid  in  a  groove  cut  in  a  plank.  It  should  be  measured  and 
tt'sted  before  it  is  weighed,  so  that  it  may  not  be  necessary  to 
coil  it 

468.  To  ascertain  the  percentage  of  conductivity. — Cut  off  any 
convenient  length,  measure  and  weigh  it.  Let  the  length  be  30 
feet,  weighing  300  grains,  or  10  grains  per  foot,  and  let  the  re- 
sistance of  the  30  feet  be  *700  ohms,  and  lastly,  suppose  the 
temperature  at  which  the  test  is  made  to  be  59®  Fahr. 

Find  the  resistance  of  9k  foot-grain  of  pure  soft  copper  from 
Table  XII.  This  will  be  found  to  be  2186  for  the  temperature 
named.     As  the  wire  weighs  10  grains  per  foot,  its  resistance 
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will  be  one-tenth  of  that  of  a  foot-grainy  and  the  30  feet  will 
have  thirty  times  the  resistance  of  1  foot.    Therefore, 

•2186  X  30       cix^^ 

would  be  the  resistance  of  our  30  feet  of  wire  if  it  were  pure. 
But  its  actual  resistance  is  '700,  and  by  proportion 

700  :  655  :  :  100  :  934 

93'4  is  therefore  the  specific  conductibility  of  the  sample. 

In  these  tests  the  temperature  must  be  carefully  observed,  as 
it  affects  the  resistance  of  the  metaL 

469.  To  find  w?uU  wUl  be  the  resistance  of  a  mile  of  pure 
copper  wire  of  a  given  weight  or  diameter ,  ai  any  desired  tem- 
perature, refer  to  Table  XII.  for  the  resistance  of  a  foot-grain  of 
wire  at  the  required  temperature,  multiply  it  by  5,280 ;  this 
will  be  the  resistance  of  1  mile  of  wire  weighing  1  grain  per 
foot ;  call  this  r. 

Then — ^As  the  weight  (JF)  per  mile  in  grains  of  the  wire 
whose  resistance  (n)  is  required,  is  to  the  weight  of  one  mile 
weighing  1  grain  per  foot  (5,280  grains),  so  is  the  resistance  r  to 
the  resistance  required. 

'  W  :  5,280  :  :  r  :  R  the  resistance  required. 

Let  it  be  required  to  find  the  resistance  of  a  mile  of  hard 
copper  wire  '030  in.  diameter,  at  lO""  Centigrada 

According  to  Table  IX.  the  weight  of  a  mile  of  copper  wire, 
•030  in.  diam., is  1426 lbs.,  or  99,820  grains. 

The  resistance  of  1  foot  weighing  1  grain  will,  at  16**  Centi- 
grade, be  '2239  ohms ;  which,  multiplied  by  5,280,  the  number 
of  feet  in  a  mile,  will  give  1,182*2  as  the  resistance  of  a  mile  of 
wire  weighing  1  grain  per  foot  =  r.     Then — 

99,820  :  5,280  :  :  1,182-2  :  625 

the  resistance  of  1  mile  of  copper  wii*e  *030  in.  diam.  at  the 
desired  temperature. 

'A  wire  just  drawn  has  a  higher  resistance  than  after  it  has 
been  annealed ;  unequal  or  partial  annealing  wUl  cause  a  con- 
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siderable  variation,  and  it  is  difficult  to  determine  the  precise 
hardness  or  softness  of  any  specimen.  Hence  discrepancies 
between  actual  and  calculated  resistances  cannot  always  be 
avoided. 


The  Insulator  or  Dielectric. 

470.  The  insulated  wire  of  a  submarine  cable  is  technically 
called  its  care,  and  any  piece  of  covered  wire  is  frequently  called 
a  cahle  or  core,  when  speaicing  of  testing. 

For  economical  reasons,  the  insulating  covering  is  made 
as  thin  as  possible;  the  value  of  a  material  depends,  other 
things  being  equal,  upon  its  high  conductive  resistance,  or  in- 
sulating power,  and  its  low  indtietive  capacity,  the  converse  or 
reciprocal  of  which  is  its  inductive  resistance.  India-rubber 
surpasses  gutta-percha  in  both  respects,  but  it  has  not'  been 
employed  sufficiently  long  for  its  durability  to  be  as  satis- 
factorily established  as  that  of  gutta-percha.  Percha  is  prac- 
tically indestructible  when  under  water,  and  insulates  well 
enough  for  aU  purposes  at  ordinary  temperatures ;  but  as  it 
becomes  soft,  and  also  loses  in  great  measure  its  insulating 
power,  at  about  100'',  it  is  unsuitable  for  hot  climates.  Hooper^s 
india-rubber  will  bear  boiling  without  injury,  and  does  not 
decrease  in  resistance  with  increase  of  temperature  in  so  great  e 
degree  as  percha. 

The  processes  which  will  now  be  described  refer  principally 
to  percha.  The  core  is  generally  made  in  knot  lengths,  and  as 
its  insulation  improves  considerably  for  the  first  few  weeks,  it  is 
generally  not  tested  until  fifteen  days  after  manufacture. 

Two  phenomena  have  first  to  be  considered  in  insulation 
tests,  electrification,  and  the  effect  of  variations  of  temperature. 

471.  EUdriJication  or  Absorption, — ^When  a  core  is  tested,  its 
insulation  appears  gradually  to  improve  under  the  action  of  the 
battery,  until  after  a  certain  -interval  it  becomes  sensibly  con- 
stant, although  the  effect  does  not  actually  cease. 

Further,  if  after  battery  contact  has  been  broken,  and  the 
core  dischai^ed,  it  be  allowed  to  remain  insulated,  several 
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suceessive  discharges  can  be  obtained ;  especially  if  the  testing 
current  was  powerful.  This  phenomenon  is  analogous  to  the 
00-called  residual  change  of  a  Leyden  jar,  from  which,  after  it 
has  apparently  been  completely  discharged,  we  can,  after  an 
interval,  obtain  other  small  discharges  due  to  the  depolarization 
of  the  glass. 

Taking  that  view  of  conduction  which  supposes  that  each 
particle  is  polarized  and  transmits  its  polarity  to  the  next  in 
succession,  we  know  that  this  action  will  progress  in  a  conductor 
with  immense  rapidity,  and  will  cease  as  rapidly  after  the  dis- 
turbing cause  has  been  removed.  The  more  imperfect  the  con- 
ductor the  slower  will  the  action  be,  until  in  an  insulator 
(which  may  be  considered  as  an  extremely  imperfect  conductor 
or  a  conductor  of  immense  specific  resistance)  the  polarization, 
and  also  the  depolarization,  will  occupy  a  considerable  time. 

TJie  following  table  gives  the  leakage  in  divisions  of  a  reflect- 
ing galvanometer,  as  observed  in  a  knot  of  percha  core  in  the 
factory  at  64"*  Fahr. ;  and  shows  the  efiect  of  electrification  in 
increasing  the  apparent  leakage  during  the  first  minutes  of  an 
insulation  test : — 


Time  daring  which 

th«  curreat 
^bad  been  applied. 

Deflection. 

Time  dnring  which 

the  current 
had  been  applied. 

^  minute 

430 

15  minutes 

1      „ 

380 

20      „ 

2      „ 

350 

25      „. 

3      „ 

330 

30      „ 

4       „ 

320 

35      „ 

6      „ 

315 

40      „        . 

10      „ 

295 

• 

50       „ 

Deflection. 

278 
270 
265 
260 
255 
255 
250 


The  apparent  excess  of  leakage  during  the  first  moments 
seems  to  arise  from  the.  current  entering  into  and  polarizing  the 
gutta-percha;  the  first'layer  of  particles  is  polarized  in  a  com- 
paratively short  time,  the  next  in  a  longer  interval,  and  so  on, 
the  action  becoming  more  and  more  difficult,  and  occupying  a 
longer  time,  as  layer  after  layer  of  particles  is  reached.  The 
rush   of  electricity  is,   as  it  were,  rapid  at   first,  decreasing 
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(gradually  until  it  almost  ceases.  After  the  battery  is  removed, 
the  depolarization  of  the  dielectric  recharges  the  conducting 
wire,  so  that  a  succession  of  discharges  can  be  obtained. 

The  phenomenon  varies  in  different  insulating  substances,  and 
even  in  different  samples  of  the  same  materials,  and  it  is  much 
more  marked  in  rubber  than  in  percha.  Heat  so  far  affects  it 
that  it  proceeds  more  rapidly  at  a  high  than  at  a  low  tempera^ 
ture.  The  higher  the  tension  of  the  battery,  the  higher  the 
electrification^ 

472.  If  the  conductor  be  allowed  to  remain  insulated  (i.e, 
disconnected  from  earth),  it  becomes  charged  positively,  as  it 
were,  spontaneously ;  and  if  it  is  discharged  to  earth  through 
a  galvanometer,  a  slight  current  passes  to  earth'  for  several 
minutes. 

The  charge  is  directly  proportional  to  the  length  of  the  wire, 
and  increases  as  the  time  the  core  has  remained  insulated,  up 
to  a  certain  limit,  which  has  not  been  correctly  ascertained. 
The  same  effect  occurs  in  a  condenser  of  tinfoil  and  paraffin 
paper. 

As  a  cable  is  always  tested  with  a  negative  current,  and  as 
the  spontaneous  charge  is  always  positive,  its  discharge  coin- 
cides in  direction  with  the  testing  current;  for  a  negative 
current  entering  the  cable  evidently  passes  in  the  same  direc- 
tion through  the  galvanometer  as  a  positive  current  leaving  the 
cable.  As  this  or  any  other  charge  may  affect  both  the  insula- 
tion test  and  the  test  for  inductive  capacity,  the  conductor 
should  always  be  connected  to  earth  in  the  intervals  of  rest,  so 
that  it  may  be  completely  neutral. 

473.  Standard  interval  observed  between  the  application  of  the 
battery  and  the  tahirhg  the  insulation  test — It  is  obvious  from 
what  has  been  said,  that  unless  a  definite  time  is  allowed  to 
elapse  between  the  application  of  the  battery  and  the  reading 
the  galvanometer,  insulation  tests  would  not  be  comparable. 
The  standard  interval  is  9ne  minute, 

474.  Standard  temperatures  for  insrihction  oc/nd  resistance  tests. 
— As  the  resistance,  both  of  metals  and  insulators,  varies  with 
temperature,  it  is  necessary  for  the  sake  of  comparison  to  fix  a 
standard  to  which  all  tests  shall  be  reduced.     Tixis  standard  is 
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75°  Fahr.,  a  temperature  high  enough  to  exaggerate  faults  in 
insutation,  yet  not  so  high  as  to  injure  the  material. 

As  each  coil  of  "  core "  is  received  from  the  factory,  it  is 
placed  in  a  tank  filled  with  water  at  75'',  and  after  an  immersion 
of  24  hours,  during  which  time  the  temperature  is  kept  rigor- 
ously uniform,  it  is  tested  for  the  resistance  of  the  conductor, 
for  inductive  capacity,  or  the  power  of  becoming  charged  like  a 
Leyden  jar  ;  and  lastly,  for.  insulation. 

The  reason  for  the  long  immersion  of  the  core  is  that  a  change 
of  temperature  affects  the  resistance  of  percha  very  slowly. 

475.  HedtLction  of  tests  to  the  standard  temperatv/re, — In  prac- 
tice, the  first  test  of  the  coils  of  core  is  the  only  one  which  is 
actually  taken  at  75°,  all  others  are  reduced  to  the  standard  by 
calculation,  for  it  is  obviously  impossible  to  heat  the  large  tanks 
which  contain  finished  cable. 

The  reduction  of  the  observed  resistance  of  the  conductor 
and  the  insulator  to  what  it  would  be  at  75°  is  effected  by  the 
co-efficients  or  multipliers  given  in  Tables  XIIL,  XV. 

Suppose  that  the  insulation  resistance  of  the  percha  of  a 
cable  at  40°  Fahr.  be  300  megohms  per  knot,  and  it  be  required 
to  find  what  it  would  be  at  75°.  Oa  referring  to  Table  XV.  the 
co-efl&cientfor  40**  will  be  found  to  be  13*116  ;  that  is  to  say,  the 
resistance  of  percha  is  13*116  times  as  great  at  40°  as  it  is  at 
75°.  Dividing  300  by  13116,  we  have  22*87,  the  resistance 
at  75°. 

Again,  if  the  conductive  resistance  of  the  copper  conducting 
wire  be  115603  ohms  at  60°,  it  may  be  reduced  to  75°  in  the 
following  manner  by  the  use  of  Table  XIII.  The  difference 
between  60  and  75  is  15,  and  the  co-eflScient  for  15  degrees 
is  103139,  which  multiplied  by  115603  gives  the  resistance 
required. 

Conversely,  the  average  temperature  of  a  cable  tank,  or  even 
the  average  temperature  of  the  sea  bottom  on  which  a  cable . 
lies,  may  be  found  by  Table  XIII.  from  the  resistance  of  the 
conducting  wire  of  the  cable,  if  we  know  its  resistance  per 
yard  or  mile  at  the  standard  temperature. 

476.  Measurement  of  charge  and  discharge, — Tests  for  capacity 
are  more  generally  made  by  discharge,  after  charging  for  one 
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minute,  than  by  charge.  As  shown  in  paragraph  152,  a  cable  may 
be  charged  by  connecting  one  pole  of  a  battery  to  the  outer  sheath, 
either  directly  or  through  the  earth,  or  the  vessel  or  tank  in 
which  the  cable  lies;  and  making  contact  between  the  other 
pole  and  the  conductor  through  a  galvanometer,  sharply  and 
promptly,  by  means  of  a  key.  Or  the  key  may  be  arranged  so 
as  to  charge  the  cable  direct  when  pressed,  and  when  released 
discharge  it  to  earth  through  the  galvanometer. 

It  requires  a  little  practice  to  use  an  ordinary  key  so  as  to 
obtain  uniform  results,  and  it  is  better  to  release  it  by  a  species 
of  trigger,  as  shown  in  Fig.  109.  The  figure  shows  the  con- 
nections for  a  discharge  test. 

The  cable  is  supposed  to  be  placed  in  a  tank  filled  with 
water,  in  good  electrical  connection  with  the  earth,  or  with  the 
copper  pole  of  the  battery,  the  zinc  pole  being  connected  to  b  ; 


Fio.  123. 


when  a  condenser  is  tested^  one  set  of  plates  is  connected  in 
place  of  the  cable,  the  other  set  to  earth.  The  key  K  is  drawn 
in  the  position  for  charging ;  when  it  is  released  by  lifting  the 
trigger  T,  the  cable  is  discharged  to  earth  through  the  galvano- 
meter. 
For  a  charge  test,  the  galvanometer  is  placed  between  the  cable 
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and  the  key,  and  the  battery  between  Gand  the  earth,  the 
terminal  B  being  left  free. 

The  needle  receives  a  sudden  impulse,  as  if  given  by  a  blow, 
and  therefore  the  forces  acting  upon  it  are  proportional  to  the 
sines  of  half  the  angles  described,  which,  for.  angles  not  exceed- 
ing 30"*,  are  nearly  proportional  to  the  angles  themselves. 
Thus,  if  the  Thomson  reflecting  galvanometer,  whose  angle  of 
deflection  is  very  small,  is  used,  the  forces  are  proportional  to 
the  scale  readings  themselves. 

This  is  only  true,  however,  for  cables  of  moderate  length, 
where  the  duration  of  the  current  is  very  short  as  compared 
with  the  time  the  needle  requires  to  complete  its  swing ;  for  if 
its  duration  is  sensible,  it  is  rather  a  push  than  a  blow.  In 
cables  more  than  150  miles  in  length  the  currents  have  a 
sensible  duration,  and  this  method  of  measurement  does  not 
apply  with  accuracy. 

477.  The  needle  should  swing  slowly ;  it  should  be  heavy,  and 
be  suspended  very  freely,  and  so  as  not  tobe  aflfected  by  the 
resistance  of  the  air.  Large  mirrors  or  large  talc  vanes  are 
therefore  improper,  because  they  check  the  swing; 

Jenkin  gives  the  following  correction  for  the  resistance  of  the 
air  when  it  is  but  slight.  Observe  the  extent  of  the  first  swing 
to  one  side  of  zero — say  the  right ;  allow  the  needle  to  continue 
to  oscillate,  and  note  the  extent  of  the  second  swing  to  the  same 
side  of  zero,  which  will  be  less  than  the  first.  Now,  as  this 
diminution  is  entirely  due  to  the  resistance  of  the  air,  and  as  it 
has  been  effected  during  the  swing  of  the  needle  from  right  to 
left  and  back  again,  the  needle  would  have  swung  further  at  first 
by  one-fourth  of  this  amoimt  had  no  air  been  present,  because 
during  the  first  swing  from  zero  to  the  right  the  needle  passed 
over  only  a  quarter  of  the  space  travelled  afterwards.  One- 
fourth  of  the  difference  between  the  first  and  second  deflection 
should  therefore  be  added  to  the  reading. 

Tests  FOR  capacity. — Each  coil  of  core  is  tested  while  in 
the  75""  tank,  to  ascertain  if  its  capacity  agrees  with  the  standard 
determined  on,  and  if  it  prove  too  high,  the  capacity  of  the 
insulating  material  is  too  great  or  its  thickness  too  small 
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The  test  is  made  with  a  low  power,  generally  10  cells,  and  its 
accnracy  will  therefore  be  affected  by  the  electrification  caused 
by  previous  tests,  or  by  any  charge  which  may  remain  in  the 
core.  It  is  therefore  generally  taken  before  the  insulation  test, 
which  requires  200  cells  or  more. 

The  capacity  of  a  cable  is  found  by  the  amount  of  charge  it 
is  capable  of  receiving,  as  compared  with  a  standard  condenser 
(page  83.) 

As  charge  is  directly  proportional  to  the  potential  of  the 
testing  battery,  the  number  of  cells  may  be  varied,  until  equal 
deflections  are  obtained  both  upon  the  condenser  and  the  cable; 
when  their  capacities  will  be  directly  as  the  number  of  cells 
used  for  each  test.  Care  must  of  course  be  taken  to  choose 
cells  which  are  precisely  equal,  or  to  ascertain  their  relative 
potentials. 

It  is  necessary  in  all  cases  in  which  comparative  tests  are 
made  with  varying  battery  power,  to  know  exactly  the  relative 
potentials  used;  for  this  is  not  always  proportional  to  the 
number  of  cells. 

478.  To  obtain  t?ie  potential  of  a  whole  battery  in  terms  of  thai 
of  a  standard  cell, — Charge  a  condenser  by  a  single  cell,  dis- 
charge it  through  a  reflecting  galvanometer  or  other  sufficiently 
delicate  instrument,  noting  the  deflection  obtained.  Charge  the 
condenser  by  the  whole  battery,  and  shwrU  the  galvanometer 
until  the  deflection  is  the  same  as  that  given  by  the  single  cell. 
Then,  the  number  of  times  the  tension  of  the  battery  exceeds 

that  of  the  cell  first  tested  is  given  by  the  formula  ^  +  1,  where 

s 

g  is  the  resistance  of  the  galvanometer,  and  s  that  of  the 

shunt. 

For  example,  it  is  required  to  know  the  potential  of  a  battery 

of  200  cells  used  to  test  a  cable,  in  terms  of  the  single  cell  used 

to  take  the  constarU  of  the  galvanometer. 

Let  g  »  5,400  ohms  and  5  «  30  ohms,  then  i^  +  1  =  181 ; 

s 

that  is  to  say,  the  200  cells  are  equal  only  to  181  such  cells  as 

the  single  one  with  which  the  constant  was  taken. 

Or  take  a  discharge  d  from  the  siogle  cell ;  then,  after  shunting 

u 
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the  galvanometer  to  tS^  or  y^,  according  to  the  number  of  cells 
to  be  tested,  take  a  second  discharge  D, 

Then  -^r—  or  — r —  =  the  tension  of  the  entire  battery. 

For  example,  if  the  discharge  from  the  single  cell  gives  a 
deflection  of  120  divisions,  and  the  battery  of  200  cells  180 
divisions  with  the  xirr  shunt,  then 

^^^o,^"^  =  150  the  value  of  the  200  cells. 

479.  To  find  the  capacity  of  a  caih  by  comparison  with  a  con* 
denser,  whose  capacity  (in  microfarads)  is  known — 

(1.)  When  the  capacity  of  the  condenser  and  cable  are  nearly 
equal,  the  charge  or  discharge  of  each  can  be  read  directly  from 
the  galvanometer,  and  will  be  proportional  to  the  swing  of  the 
needle,  corrected  by  the  method  given  in  par.  476. 

Let  C  be  the  capacity  of  the  standard  condenser  in  micro- 
farads, D  the  deflection  or  swing  of  the  needle  from  its  charge 
or  discharge;  c  the  capacity  of  the  condenser  or  cable  to  be 
measured ;  and  d  the  swing  from  its  charge  or  discharge.    Then 

D  :  d  :  :  C  :  c. 

(2.)  When  the  capacities  are  unequal,  so  that  their  charge 
cannot  be  read  off  from  the  same  scale,  and  c  is  greater  than  c. 

Take  a  reading  from  C;  then  from  c.  Shunt  the  galvano- 
meter by  resistance  coils  until  the  deflection  obtained  from  c  is 
the  same  as  that  previously  obtained  from  c,  then 

8 

Where  g  is  the  resistance  of  the  galvanometer,  and  s  thdt  of  the 
shunt. 

When  c  is  greater  than  c  the  process  is  reversed,  the  galvano- 
meter being  shunted  in  taking  the  reading  firom  c,  and 
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Tbe  greater  the  -swing,  the  leas  the  .effect  of  a  small  enor  of 
observation.  In  using  a  reflecting  galvanometer,  the  deflection 
may  be  taken  acrosB  the  whole  length  of  the  scale,  instead  of 
from  ita  centre.  To  eliminate  error  resulting  from  the  unknown 
resistance  of  the  wires  which  connect  the  iheostat  used  for  the 
shunt,  a  known  resistance  may  be  added  to  the  galvanometer,  so 
as  to  permit  the  use  of  a  shunt  so  lai^e  that  the  resistance  of 
the  connecting  wires  may  be  neglected. 

(3.)  The  test  may  also  be  made  with  the  differential  galvano- 
metw,  by  a  modification  of  the  arrangement  shown  in  Fig.  66 
(page  176).  Connect  tbe  condenser  in  the  place  of  the  resistance 
coils,  and  the  cable  in  tbe  place  of  the  line-wire,  using  a  key  to 
make  contact  between  the  other  ends  of  the  coils  and  the  battery. 


When  the  capacity  of  the  cable  is  greater  than  that  of  the 
condenser,  the  coil  to  which  the  former  is  connected  is  shunted 
until  the  effect  of  the  charge  in  each  coO  is  alike,  and  the  needle 
remains  unmoved ;  when  the  capacity  of  the  condenser,  multi- 
plied by  ^     "■,  (where  g  is  ihe  resistance  of  one  coil  of  the 

galvanometer,]  ^ves  the  capacity  of  the  cable.  Xf  the  cable  is 
less  in  capacity  than  the  condenser,  the  coil  to  which  the  latter 
is  connected  must  be  shunted. 

U   'i 
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The  formula  may  be  generally  expressed  thus : — 
Let  8  =  the  resistance  of  the  shunt. 

g  =  that  of  one  coil  of  the  galvanometer. 
c  «  the  lesser  charge  or  discharge. 
(7=  the  greater  charge  or  discharge. 
Then  s  :  8  +  g  :  :  c  :  C. 
(4.)  Or  by  the  bridge.     Let  the  arms  A  and  o  (Fig.  124)  be 
resistance  coils ;  b  the  cable,  whose  capacity  is  to  be  measured ; 
D  the  inner  coating  of  the  standard  condenser.     The  outer 
'coating,  the  iron  sheath  of  the  cable,  or  the  water  in  which  it 
lies,  and  one  pole  of  the  battery  are  connected  together  or  put  to 
earth.     The  key  is  shown  in  the  position  for  charging  and  is  sup- 
posed to  be  released  by  a  trigger  as  in  Fig.  123 ;  when  released 
it  discharges  the  condenser  and  cable  through  the  bridge.     The 
resistances  in  A  and  c  are  adjusted  until  a  balance  is  obtained, 
when  the  capacity  of  the  cable  is  found  by  proportion  in  the 
usual  way. 

480.  Distribution  of  charge,  when  two  cables  or  condensers 
are  connected  together.— If  a  charged  cable  or  condenser  be 
joined  to  one  not  charged,  the  charge  will  divide  itself  between 
the  two  in  proportion  to  their  respective  capacities,  the  potential 
becoming  the  same  in  both. 

Let  c  be  a  standard  condenser  charged  to  potential  T,  and  let 
X  be  another  condenser  or  cable,  and  t  their  joint  potential  when 

combined. 

Then    t  :  T  ::  C:  C  +  x, 

and        CT^ct^xt. 

The  capacity  of  x  will  be — 

T  -  t 
«= C. 

t 

In  a  number  of  cables  connected  together  at  their  charging 
.ends,  with  their  distant  ends  insulated,  the  charge  is  equal 
to  what  would  have  been  obtained  had  they  been  joined  in 
one  continuous  length. 

When  a  cable  is  very  long,  the  time  occupied  by  its  discharge 
is  very  much  greater  than  that  required  by  the  condenser.  Be- 
sistance  is -then  placed  in  the  condenser  circuit  to  delay  its 
discharge. 
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481.  To  fiivi  the  capacity  without  the  aid  of  a  condenser, — 
Shnnt  the  reflectlDg  galvanometer,  and  add  resistance  until  a 
readable  deflection  is  obtained  with  the  battery  with  which  the 
cable  is  to  be  charged.  From  these  data  calculate  what  total 
resistance  R  (including  that  of  the  galvanometer  and  battery) 
would  be  necessary  to  reduce  the  deflection  to  one  degree, 
which  is  the  unit  deflection  of  a  mirror  galvanometer. 

Next,  count  the  number  of  oscillations  which  the  needle 
makes  per  minute  when  swinging  freely,  that  19,  not  under  the 
influence  of  a  current.  Let  t  be  the  time  of  half  a  complete 
oscillation. 

Lastly,  let  d  be  the  deflection  produced  by  an  immediate 
discharge;  then 

*  Capacity  =  2  ^  J^,'^    microfarads. 
^      ^         31416  R 

{Jenkin.) 

482.  Measii/reineni  of  charge  in  short  pieces  of  cable. — It  is 
often  necessary  to  measure  the  capacity  of  short  lengths  of  wire, 
small  condensers  and  samples  of  insulating  materials,  the  charge 
and  discharge  from  which  are  far  too  feeble  to  aflect  a  galvano- 
meter, even  if  a  powerful  battery  is  employed. 

But  although  a  single  discharge  is  unable  to  afiTect  the  gal- 
vanometer, a  succession  of  discharges  following  one  another  so 
quickly  that  the  needle  has  not  had  time  to  regain  its  zero  before 
a  fresh  impulse  is  given  it,  will  each  drive  the  needle  a  certain 
distance,  and  the  sum  of  their  effects  will  produce  a  steady 
deflection.  The  value  of  a  single  discharge  can  be  found  by 
dividing  the  deflection  at  the  end  of  a  given  time  by  the  number 
of  discharges. 

The  apparatus  for  this  purpose  is  called  a  "whip,"  and  in  its 
simplest  form  is  a  spring,  connected  to  the  condenser  to  be 
measured,  which  is  caused  to  vibrate  very  rapidly  between  two 
studs,  one  in  connection  with  the  battery,  the  other  with  the 
galvanometer.  As  the  spring  vibrates  it  first  charges  the  con- 
denser from  the  battery,  and  then  discharges  it  through  the 
galvanometer  to  earth. 

^  3'lil6  is  9,  tile  ratio  between  the  diameter  anid  circtmference  of  a  circle^ 
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In  this  case  the  charge,  instead  of  being  lepresented  by  a 
sudden  impulse,  is  indicated  by  a  constant  deflection,  and  is 
therefore  proportional  to  the  sine  of  the  angle  described  by  Iii0 
needle,  instead  of  half  its  sine.  Siemens  gives  the  following 
formula  for  the  value  of  these  deflections. 

If  a  is  thd  sine  of  the  angle  through  which  the  sine  galva^ 
nometer  must  be  turned  to  bring  the  needle  to  26ro,  n  the 
number  of  charges  or  discharges  per  second,  e  the  electromotive 
force  of  the  battery,  we  have 

Capacity  =«  —  n ; 

and  if  the  velocity  of  the  apparatus  remain  the  same,  the 
capacities  of  two  cables,  or  of  a  cable  and  a  condenser,  ore 
directly  proportional  to  the  sines  of  the  deflections  obtained 
from  each. 

By  placing  an  insulated  spring  upon  the  opposite  end  of  the 
lever,  so  as  to  vibrate  between  a  second  pair  of  contacts,  the 
apparatus  can  be  made  differential. 

483.  To  find  the  loeigJU  and  ihickneii  of  ifistUoHng  mateHdl 
required  to  produce  a  core  equal  in  inductive  capacity  to  a  given 
cable  whose  conductor  is  similar,  but  which  is  insulated  with  a 
different  material 

Let  the  diameter  of  a  percha  core  be  *34d  in.,  the  diameter 
of  the  conductor  *102  in.,  it  is  required  to  find  what  thickness 
and  weight  of  Hooper's  material  is  required  to  produce  a  core 
of  equal  capacity,  using  a  conductor  of  the  same  diameter. 

(1.)  To  find  the  diameter.  The  specific  inductive  capacity  of 
percha  is  42,  and  that  of  Hooper's  material  3*1,  air  being 

1  (461) ;  and  the  logarithms  of  the  ratio  ^  in  cables  of  equal 

a 

capacity,  where  the  conductor  is  similar  in  both,  will  neces- 
sarily be  in  the  proportion  of  the  specific  capacities  of  the  in- 
sulating substances. 
Then  to  find  x,  the  required  diameter  of  the  core,  say 

4-2  :  31  :  :  log.  ^  :  log.  JL 

^  -102        *"  -102 

by  which  rr  is  found  »  *263  nearly. 
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(2.)  To  find  the  weight  per  knot.  The  specific  gravity  of  the 
two  materials  are  as  5  to  6,  percha  being  the  lighter  of  the 
two.     By  Clark's  formula  (Appendix)  the  weight  of  percha 

per  nautical  mile  is lbs.  which  for  the  present  cable  is 

>ioi         =  111  lbs.    Then  5  :  6  :  :  111  :  133.    The  diameter 
481 

of  the  required  core  is  therefore  '253  in. :  and  the  weight  per 

knot,  133  lbs. 

484  Insulation  tests, — ^A  perfect  core  tests  alike  with 
either  copper  or  zinc  to  earth,  but  a  faulty  core  tests  worse 
with  a  negative  than  with  a  positive  current. 

The  leaki^e  of  even  a  moderately  good  core  is  far  too  small  to 
be  tested  directly  by  the  bridge  or  differential,  until  many  miles 
have  been  completed.  The  separate  coils  and  the  shorter  lengths 
of  cable  are  tested  by  the  deflection  of  a  reflecting  galvanometer, 
and  100  to  200  cells  of  a  constant  battery,  often  of  th«  Minotto 
form. 

It  is  usual  to  specify  for  a  resistance  of  200  million  ohms  per 
knot  at  75*" ;  but  even  in  a  core  of  148  lbs.  of  percha  and  107 
lbs.  of  copper  per  knot,  a  resistance  of  300  millions  is  easily 
obtained. 

485.  Effect  of  pressure  on  instUation, — ^A  cable  insulated  with 
percha  always  improves  in  insulation  after  it  has  been  laid,  partly 
because  the  temperature  of  the  sea  is  lower  than  that  of  the 
tank,  and  partly  because  of  the  pressure  of  the  water,  which 
increases  the  resistance  of  percha  between  23  and  26  per  cent 
for  every  100  pounds  on  the  square  inch.  It  is  said  that  the 
Atlantic  Gable  improved  during  submersion  7  per  cent,  for 
every  100  fathoms  it  sunk.  In  the  factory,  at  75^  the  insula- 
tion was  390  million  ohms  per  knot  after  one  minute's  electrifi- 
cation; when  laid,  2,437  millions;  and  after  30  minutes' 
electrification,  7,000  millions.  It  is  said  that  it  now  tests  about 
5,000  millions  per  knot 

Jenkin  says  (iV.  B.  Bevieio,  Jan.  1867),  "  that  the  difference 
in  conductibility  between  the  percha  of  the  Atlantic  Cable  and 
an  equal  bulk  of  copper,  is  as  great  as  the  difference  between 
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the  velocity  of  light  and  that  of  a  body  moving  but  a  foot  in 
6,700  years. 

486.  Test  by  deflection. — (1^  Take  the  constant  of  the  galvano- 
meter (320)  with  one  cell,  through  a  standard  coil  of  1,000  ohms, 
after  shunting  it  to  -n^.  This  will  be  equivalent  to  the  deflec- 
tion which  would  be  obtained  with  one  cell  through  one  million 
ohms  (1,000  ohms  x  1,000th  shunt),  if  the  galvanometer  had  not 
been  shunted.    Let  the  deflection  be  100  divisions  of  the  scale. 

(2)  Next  find  what  deflection  the  whole  testing  battery  of  100 
cells  would  give  through  one  million  ohms.  If  all  the  cells  were 
equal  in  strength,  and  all  equal  also  to  the  standard  single  cell, 
a  simple  multiplication  by  100  would  sufiQce,  but  it  seldom 
happens  that  all  the  cells  of  a  battery  are  alike  in  power ;  and 
therefore  the  real  tension  of  the  100  cells  may  be  less  or  more 
than  one  hundred  times  that  of  the  cell  used  in  taking  the 
constant.  Find  the  potential  of  the  whole  battery  in  terms  of 
the  single  cell  used  in  taking  the  constant,  by  the  method 
described  in  paragraph  478.  We  will,  however,  suppose  the 
potential  to  be  100. 

(3)  Put  the  zinc  of  the  batteiy  in  perfect  communication 
with  the  water  of  the  tank,  connect  the  copper  to  the  conductor 
of  the  core,  and  test  for  leakage  in  the  ordinary  way  (316)  by 
reading  the  deflection  of  the  galvanometer;  let  the  deflection  be 
40  divisions. 

Now  the  galvanometer  with  one  cell  through  a  resistance  of 
one  million  ohms  shows  a  deflection  of  100  (1).  This  is  the 
constant  of  the  galvanometer.  But  if  the  100  cells  had  been 
used,  the  deflection  through  the  million  ohms  would  have  been 
100  X  100  a  10,000 ;  and  the  reading  with  the  100  cells  through 
the  core  is  40  (3). 

Then  by  proportion  40  :  10,000  : ;  1,000,000  :  250  megohms, 
the  insulation  of  the  core. 

Or,  let  S  be  the  value  of  the  shunt  (nAnr)* 

r  the  resistance  of  the  standard  coil  (1,000). 
e  the  constant  of  the  galvanometer. 
E  the  potential  of  the  battery  in  terms  of  the  single 
cell  used  in  (1). 


8UBMABINE  CABLES.  297 

d  the  reading  obtained  on  the  cabla 
I  the  insulation  resistance  of  the  cable. 

Then,   ^ =s  i. 

a 

It  is  obvious  that  any  other  resistance  and  anj  other  shunt 
could  be  used  in  taking  the  constant.  In  cases  where  the 
shunts  have  not  been  arranged  to  reduce  the  sensitiveness  of  the 
galvanometer  to  -^  y^  nJW  or  some  other  convenient  multiple ; 
or  where,  as  is  often  the  case,  the  resistance  of  the  galvano- 
meter  or  shunt  is  liable  to  change ;  their  resistances  must  be 
determined,  and  the  vahu  s  of  the  shunt  ascertained,  by  the 

formula  -  x  1 ;  where  g  and  s  represent  the  resistances  of  the 

galvanometer  and  of  the  shunt 

The  observed  resistance  multiplied  by  the  length  in  knots  will 
give  the  insulation  resistance  per  knot 

487.  InsuUUum  test  by  faU  of  charge. — Insulation  resistance 
can  be  determined  from  the  loss  of  static  charge,  by  means  of 
the  galvanometer  or  the  electrometer.  This  test  is  comparative 
only,  and  will  not  give  the  resistance  unless  the  electrostatic 
capacity  of  the  core  is  known. 

In  testing  by  the  swing  of  the  galvanometer,  charge  the  cable 
from  a  batt-ery  for  a  minute,  discharge  immediately,  noting  the 
deflection  or  swing  of  the  needle  (Fig.  123).  Charge  again,  leave 
the  cable  disconnected  one  minute,  and  again  discharge ;  the 
difference  gives  the  leakage  in  one  minute. 

Or,  instead  of  reading  the  discharge,  read  the  charge.  Then, 
after  a  minute,  charge  again,  the  cable  having  been  left  dis- 
connected in  the  interval  by  placing  the  key  K  (Fig.  123) 
midway  between  the  contact  points  G  and  B;  the  second 
deflection  will  show  the  quantity  which  enters  the  cable  to 
make  up  for  that  which  had  escaped  during  the  minute.  If 
insulation  is  perfect,  there  will  be  no  second  deflection.  A 
somewhat  heavy  needle  answers  best  for  these  experiments ;  if 
a  Thomson  with  vanes  of  talc  offering  great  resistance  to  the  air 
is  used,  its  readings  will  not  be  perfectly  accurate,  but  corrections 
can  be  made  to  allow  for  (he  resistance  of  the  air. 
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The  loss  may,  as  it  were,  be  magnified  by  reading  the  charge 
in  the  first  instance  upon  a  shunted  galvanometer  and  increasing 
its  sensitiveness  before  recharging.  For  instance,  the  first  charge 
may  be  read  with  a  shunt  of  1-lOth,  the  last  without  any  shunt ; 
in  which  case  the  leakage  will  be  multiplied  by  ten,  or  rendered 
ten  times  more  apparent. 

To  test  by  the  reflecting  electrometer,  connect  the  cable  to 
the  instrument  and  to  the  battery,  note  the  deflection,  then 
disconnect  the  battery  and  note  the  deflection  after  the  minuta 
The  fall  of  tension  is  beautifully  shown  by  this  apparatus,  as 
the  angle  of  deflection  is  always  proportionate  to  the  potential  of 
the  charge  remaining  in  the  cable,  and  shows  its  diminution 
moment,  by  moment 

488.  Fall  to  half -charge. — The  system  of  testing  the  insulation 
of  cables  by  ascertaining  the  length  of  time  required  for  the 
charge  to  fall  one-half  or  any  other  fraction,  Eas  many  advantages ; 
it  is  independent  of  the  length  of  the  cable,  and  of  the  resistance 
and  electromotive  force  of  the  battery  employed,  nor  is  it  neces- 
sary that  the  constants  of  the  inistruments  should  be  ascertained, 
all  which  causes  render  it  eminently  suited  for  ascertaining  the 
insulation  of  a  submerged  cable,  and  ascertaining  its  relative 
condition  from  year  to  year. 

The  ordinary  method  of  testing  by  half-charge  is  to  divide 
the  testing  battery  into  two  equal  parts,  and  to  take  an  imme- 
diate discharge  from  the  cable  with  each  half  in  succession  in 
the  manner  described  in  the  next  paragraph,  taking  the  mean, 
which  shows  the  deflection  the  cable  will  give  when  the  charge 
from  the  whole  battery  has  simk  to  one-half.  Charge  the  cable 
with  the  whole  battery,  and  by  a  series  of  trials  ascertain  the 
time  which  elapses  before  the  discharge  sinks  to  that  given  by 
half  the  battery. 

If  an  accurately  graduated  galvanometer  be  employed,  it  will 
not  be  necessary  to  halve  the  battery ;  an*  immediate  discharge 
is  in  this  case  taken  with  the  whole  battery,  and  its  amount 
divided  by  two  for  the  half-chai^e. 

The  electrometer  shows  at  a  glance  when  the  tension  bias  fallen 
to  one-half. 

489.  Clark  has  devised  a  simple  method  of  making  this  test 
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with  any  ordina^  galyanometer,  which  is  well  suited  for  use  on 
board  ship  or  on  the  sea-shore. 

Two  condensers  are  employed,  each  having  exactly  the  same 
electrostatic  capacity.  The  cable  is  first  charged  from  a  battery 
for  10  or  16  minutes,  to  get  rid  of  the  effect  of  absorption. 
During  this  time  one  of  the  condensers  is  charged  from  the 
same  batteiy^  and  then  placed  momentarily  in  connection  with 
the  second  condenser,  when  the  two  will  become  charged 
exactly  to  half-tension,  the  charge  dividing  equally  between 
them  (480).  It  only  remains  then  to  place  them  in  connection 
with  the  cable  through  any  galvanometer,  at  the  time  when  it 
may  be  expected  to  have  fallen  to  half-tension ;  if  this  is  done 
at  the  right  moment,  no  charge  will  pass  through  the  galvano- 
meter in  either  direction ;  if  the  connection  be  made  too  soon  or 
too  late,  a  slight  chaise  will  pass  from  the  cable  into  the  con- 
densers, or  vice  versd,  and  the  operation  must  be  repeated.  By 
a  simple  key,  these  connections  are  all  made  at  pleasure  by  one 
motion  of  the  finger,  and  in  one  or  two  trials  the  time  of  falling 
to  half-chaige  in  obtained  with  great  precision. 

The  capacity  of  the  condensers  should  not  be  large  (about 
'2  microfarad),  so  that  if  the  test  is  made  too  soon  it  shall 
abstract  but  a  very  small  portion  of  the  charge.  As  the 
contact  is  of  extremely  short  duration,  there  is  no  time  for 
leakage  to  take  place  from  the  condensers,  which  would  vitiate 
the  resultw 

Before  testing,  put  the  cable  to  earth  for  several  hours,  to  get 
rid  of  any  charge  which  may  accidentally  have  accumulated  in 
it.  Use  as  low  a  battery  power  as  possible,  for  energetic  dis- 
charges are  apt  to  demagnetize  or  reverse  the  needle  ;  and  when 
the  ordinary  insulation  test  and  the  discharge  test  are  both  used, 
the  discharge  must  be  taken  first,  because  the  high  battery  power 
used  for  the  former  will  cause  so  much  absorption  as  to  increase 
the  discharge. 

490.  To  calculate  insrdation  resistance,  n,from  loss  of  charge, — 
Let /be  the  capacity  of  the  cable  in  microfarads,  c  the  initial 
charge,  as  shown  by  an  immediate  discharge  after  charging  for 
one  minute,    c  the  charge  remaining  after  charging  on^  minute, 
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and  afterwards  leaving  the  conductor  insulated  for  a  minute; 
then — 

R  =  26*06  --= megohms. 

/log.  0  —  log.  c 

Example, — ^A  knot  of  French  Atlantic  cable  had  an  electro- 
static capacity  (/)  of  0*3992  microfarads.  The  instantaneous 
discharge  (o)  gave  332  divisions  of  the  galvanometer  sCale,  the 
discharge  after  one  minute's  insulation  (c)  202.  The  resistance 
was  therefore — 

B  =  26-06  X  ^^^^  ,  ^J:^ — STTFTT  =  300-3  megohms. 

•3992  (-5211  -  -3054)  ^ 

When  the  fall  is  to  half-charge,  c  =  ^  then 

B  =  86*56  -  megohms,  * 

where  t  is  the  time  of  falling  to  half-charge. 

491.  To  calciUate  the  leakage  of  a  cable  from  the  known  leakage 
of  an  equal  length  of  another  cable,  composed  of  similar  m^i- 
terials,  but  in  different  proportions. — Let  D  and  d  be  the  dia- 
meters of  the  core  and  conductor  whose  leakage  a  has  been 
ascertained,  and  d'  and  d'  the  corresponding  dimensions  of  the 
cable  whose  leakage  a'  is  required.    Then — 

a  :  a  :  :  log.  -  :  log.-. 

d  a 

When  the  two  differ  in  length,  calculate  as  for  equal  lengths 
and  reduce  by  proportion,  leakage  increasing  directly  as  the 
length. 

Insulation  tests  by  accumulation. — When  the  core  to  be  tested 
is  very  short,  or  the  leakage  excessively  small,  the  cuscumvia^ion 
process  is  adopted. 

492.  The  testing  of  joints. — ^A  joint  should  insulate  as  well, 
or  nearly  as  well,  as  an  equal  length  of  the  perfect  core,  and  the 
object  of  the  test  is  to  ascertain  if  this  be  the  case.    Now  the 

leakage,  even  from  a  considerable  length  of  good  core,  is  too 

»    I * ■  ■   '      ■■■■■■  •         ■■  I  ■ 

^  "  Electrical  Formulae."    Clark  and  Sabine.    P.  85. 
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small  to  affect  the  galvanometer ;  but  although  the  electricity 
which  escapes  moment  by  moment  cannot  be  measured,  still  if  it 
were  possible  to  store  up  the  loss  during  a  minute,  and  compel 
the  accumulated  loss  to  pass  all  at  one  moment  through  the 
coils,  it  would  produce  a  sensible  deflection. 

In  order  to  effect  this,  recourse  is  had  to  induction.  A 
metallic  trough,  sufficiently  large  to  contain  two  or  three  feet  of 
the  core,  is  suspended  by  straps  or  rods  of  polished  ebonite,  two 
or  even  three  feet  long.  A  small  condenser  is  attached  to 
increase  its  inductive  capacity,  and  enable  it  to  store  up  the 
electricity  which  may  leak  through  the  percha.  The  testing 
battery,  of  not  less  than  200  cells,  is  insulated  in  a  similar 
manner,  and  all  loss  over  the  surface  of  the  conducting  wires  is 
prevented  by  paring  their  ends,  so  as  to  expose  a  fresh  clean 
surface,  or  even  by  coating  them  with  hot  paraffin.^ 

To  ascertain  if  the  apparatus  is  sufficiently  insulated,  the 
trough  and  condenser  are  charged,  and  the  swing  of  the  needle, 
from  an  immediate  discharge,  noted.  They  are  then  recharged 
and  left  firee  for  a  time  equal  to  that  to  be  occupied  by  the  test, 
and  again  discharged.  The  difference  in  the  swing  shows  the 
loss  in  the  time,  and  should  be  very  small. 

The  joint  is  placed  in  the  trough,  a  negative  current  is  applied 
to  the  cable,  and  the  positive  pole  of  the  battery  is  connected  to 
the  outside  coating  of  the  condenser.  Any  leakage  which  may 
occur  through  the  percha  is  by  this  arrangement  accumulated 
in  the  condenser,  and  may  be  discharged  through  the  galvano- 
meter after  any  given  interval 

A  six-feet  length  of  the  core  without  a  joint  is  now  substi- 
tuted, and  tested  in  the  same  manner,  the  insulation  of  the  two 
should  be  the  same. 

It  is  possible  to  find  how  much  is  lost  by  defective  insu- 
lation during  the  joint  test  itself;  but  as  both  core  and  joint 
are  subjected  to  the  same  conditions,  and  the  object  is  simply 
to  see  if  one  insulates  as  well  as  the  other,  this  precaution  does 
not  seem  to  be  absolutely  necessary. 

^  Paraffin  oil  may  be  used  in  an  emergency,  but  never  except  where  the  part 
coated  can  be  cut  away,  as  the  oil  has  a  softening  effect  on  percha. 
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To  make  the  test.  1st.  Place  the  joint  in  the  trough — Cleave 
one  end  of  the  cable  free ;  connect  the  copper  pole  of  the  battery 
to  the  galvanometer;  connect  the  other  terminal  of  the  galva- 
nometer to  the  trough ;  and,  finally,  charge  the  cable  by  applying 
the  zinc  pole. 

The  charge  within  the  cable  acts  inductively  upon  the 
natural  electricity  of  the  trough,  the  wire  being  in  fact  the  inner, 
and  the  water  the  outer  coating  of  a.Leyden  jar.  A  portion  of 
the  negative  electricity  of  the  water  is  set  free,  and  an  equal 
quantity  of  the  positive  is  held  fast  or  disguised  by  the  negative 
chaige  within  the  cable.  The  free  electricity  is  at  once  neu- 
tralized by  the  action  of  the  battery ;  if  it  were  not  so  arranged, 
it  would  increase  the  apparent  leakage  from  the  cable,  being  of 
a  similar  sign. 

The  deflection  or  swing  due  to  the  dischaxge  being  instanta- 
neous, it  follows  that  if  the  needle  remains  deflected  after  the 
discharge,  the  joint  is  very  bad,  or  there  is  leakage  over  the  sur- 
face of  the  percha.  The  latter  may  be  conducted  to  earth  so  as 
not  to  interfere  with  the  test,  by  wrapping  an  earth  wire  round 
the  core  a  few  feet  from  the  free  end. 

2nd.  Without  disturbing  the  charge  of  either  cable  or  trough 
connect  one  coating  of  the  condenser  to  the  trough,  the  other 
coating  to  the  +  pol^  of  the  battery,  the  zinc  being  to  the  cable 
as  before. 

Any  negative  electricity  which  may  leak  from  the  cable  will 
now  accumulate  in  the  condenser.    Allow  one  minute  for  this. 

3rd.  Disconnect  the  condenser  from  the  trough  and  battery, 
and  discAiarge  it  through  the  galvanometer.  If  the  trough  and 
other  parts  of  the  apparatus  have  been  well  insulated,  the  swing 
will  show  the  accumulated  leakage  from  the  portion  of  core 
under  test.  It  is  evident  that  these  changes  mu^t  be  made  by 
perfectly  insulated  keys  and  commutators. 

This  method  somewhat  differs  from  that  ordinarily  adopted. 
It  is  usual  to  put  one  pole  of  the  battery  to  earth ;  but  in  this 
case  leakage  takes  place  over  the  whole  cable,  however  long  it 
may  be.  By  the  plan  described,  the.leakage  is  confined  to  the 
part  in  the  trough,and  the  whole  force  of  the  battery  is  concen^ 
trated  there,  and  the  apparent  leakage  exaggerated. 
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493.  Joint  testing  hy  electrometer. — In  joint  testing,  an  electro- 
meter is  frequently  used  instead  of  a  galvanometer  for  ascertain- 
ing the  amount  of ''  accumulation."  Its  great  advantage  over 
the  galvanometer  is  the  absolute  knowledge  it  gives  of  what  is 
passing  throughout  the  entire  duration  of  the  test  With  the 
galvanometer  it  is  impossible  to  know  anything  of  what  may 
have  happened  during  the  test,  or  its  probable  result,  until  the 
time  for  taking  the  discharge  has  arrived.    The  electrometer 


Fig.  125. 

shows  one  what  is  taking  place  from  the  commencement,  the 
gradual  accumulation  is  observed,  and  any  fault  or  accidental 
touching  of  wires  is  at  once  noticed. 

The  connections  are  similar  to  those  for  the  galvanometer,  and 
the  alteration  is  simply  in  the  observing  instrument 

The  use  of  an  ordinary  condenser  has  been  abandoned ;  for  in 
practice  it  is  found  that  where  the  accumulation  from  a  joint  is 
very  small,  the  condenser  is  liable  to  give  fallacious  results.  It 
frequently  accumulates  of  itself,  and  if  it  has  been  used  for  any 
other  tests,  it  is  most  difficult  to  clear  it  of  its  charge,  all  con- 
densers being  made  of  material  that  retains  its  charge  most 
obstinately.    The  testing  room  being  generally  at  some  little 
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distance  from  the  factory^  it  is  found  in  practice  that  the  lead  to 
the  trough  possesses  sufficient  capacity  to  be  employed  as  the 
condenser.  When  a  lead  is  thus  used  it  is  essential  that  its 
insulation  should  be  perfect^  and  it  is  advisable  to  have  it  placed 
along  the  ground  so  as  to  increase  its  capacity,  and  at  the  same 
time  to  remove  it  to  a  distance  from  the  charging  wire,  for 
when  leads  are  near  one  another  there  is  sure  to  be  induction 
between  them. 

Fig.  125  shows  the  arrangement  for  this  form  of  the  test.  A  a' 
are  levers  mounted  on  ebonite  pillars  and  furnished  with  long 
ebonite  handles  tipped  ^th  bone  or  ivoiy.  These  levers  are 
pivoted  so  that  they  can  be  brought  into  contact  either  with  B, 
or  E  and  b',  or  E,  respectively.  B  and  b'  are  terminals  insulated 
in  the  same  manner  as  the  levers  A  a',  while  E  is  a  plate  mounted 
on  a  brass  pillar.  These  five  pillars  are  screwed  into  a  brass 
foot-plate  connected  to  earth.  The  ivory  tips  to  the  lever 
handles  are  intended  to  prevent  the  excitation  of  electricity 
which  would  occur  if  the  hand  was  allowed  to  slide  along  the 
ebonite  in  the  act  of  moving  the  levers,  no  such  effect  being 
produced  when  they  are  moved  by  the  ivory. 

Brass  is  used  for  the  foot-plate  to  prevent  surface  conduction 
between  the  several  levers  and  terminals,  by  conveying  all  leak- 
age to  earth.    The  electrometer  is  Thomson's  reflector. 

The  joint  in  the  trough  is  connected  to  the  terminal  A,  its 
other  end  being  insulated.  The  trough  is  connected  to  one  half 
of  the  electrometer  and  to  the  key  a';  the  other  half  of  the 
electrometer  is  connected  to  the  earth.  The  terminal  b  is  joined 
to  a  battery  of  100  cells  or  more,  the  opposite  terminal  b'  to  a 
battery  of  10  cells.  When  at  rest  the  lever  a'  is  pressed  to  the 
left,  keeping  the  electrometer  in  short  circuit  through  the  earth 
connections. 

In  testing  a  joint  for  leakage,  the  insulation  of  the  trough  is 
made  sure  of  by  pressing  the  lever  A^  to  b',  charging  the  trough 
and  electrometer  to  the  potential  of  the  10  cells ;  as  soon  as  the 
spot  of  light  on  the  scale  is  steady,  the  lever  a'  is  freed,  when 
the  deflection  will  fall  gradually  in  proportion  to  the  leakage  of 
the  trough ;  if  the  fall  be  rapid,  the  trough  and  all  connections 
should  be  cleaned ;  if,  however,  the  fall  be  slow  (there  must  be 
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always  some  loss,  this  depends  more  upon  the  state  of  weather 
than  anything  else)  the  joint  may  be  tested. 

Short-circuit  the  electrometer  to  discharge  it,  and  when  it  is 
at  zero  open  the  circuit,  pressing  at  the  same  time  the  arm  a 
to  B  so  as  to  charge  the  cable  and  joint  with  the  100  cells ; 
the  induced  charge  of  the  trough  will  be  then  seen,  and  should 
be  noted.  Again,  short-circuit  the  electrometer,  and  when  the 
spot  is  steady  at  zero,  open  the  circuit  and  watch  the  electro- 
meter during  the  time  fixed  for  the  accumulation ;  say  one 
minute,  or  two  minutes.  It  will  be  seen  that  the  potential  of 
the  lead  and  trough,  which  was  at  first  nil,  is  now  slowly 
increasing,  and  is  of  the  same  sign  as  the  charging  current.  The 
potential  at  the  end  of  the  fixed  time  is  the  amount  of 
accumulated  loss  through  the  joint  during  that  interval.  This 
should  be  subsequently  compared  with  the  loss  from  six  feet 
of  core  tested  in  the  same  manner. 

After  the  accumulation  has  been  observed,  short-circuit  the 
electrometer,  and  observe  the  inductive  discharge  on  breaking 
battery  circuit  at  B. 

It  often  occurs,  when  there  are  several  wires  in  the  cable, 
that  the  apparent  leakage  is  greater  from  the  joint  which  is 
first  tested,  than  &om  any  of  the  other  joints  tested  at  the  same 
time.  This  arises  from  the  charge  in  the  first  wire  acting  upon 
the  others  inductively.  The  wires  not  under  test  should  there- 
fore be  put  to  earth  until  they  are  wanted,  and  the  condenser 
and  trough  should  be  perfectly  discharged  between  each  test 

It  will  be  understood  that  the  results  are  simply  compara- 
tive, not  absolute ;  all  that  the  method  effects  is  to  show  the 
difference  between  the  insulation  of  a  joint  and  that  of  any 
other  part  of  the  core. 

494  Precaviiona  in  testing, — As  the  leakage  from  a  good 
cable  is  extremely  small,  it  follows  that  unless  the  batteries, 
keys,  and  other  apparatus  used  to  test  it  are  perfectly  insulated, 
the  loss  through  them  may  be  almost  as  great  as  that  of  several 
miles  of  core.  The  leakage  over  the  surface  of  the  percha  must 
also  be  prevented  by  carefully  paring  the  ends  of  the  core,  and 
even  washing  them  with  paraffin  oil  or  coating  them  with  solid 
paraffin,  when  very  accurate  tests  are  required. 

x 
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The  keys  must  be  mounted  on  ebonite,  and  the  batteries 
placed  on  ebonite  supports,  or  slung  by  percha  straps. 

The  wires  leading  from  the  batteries  or  cable  tanks  to  the 
testing  room  mus^  be  perfect  as  to  insulation,  or  their  loss  or 
leakage  ascertained  before  each  set  of  tests,  with  the  minutest 
care.  They  must  not  be  so  near  as  to  influence  one  another 
inductively. 

The  support  for  the  galvanometer  should  be  of  massive  brick 
or  stone,  placed  east  and  west  on  a  sound  foundation,  so  as  to 
prevent  vibration ;  and  because  of  the  disturbing  effect  on  a 
magnet  of  masses  of  iron  in  motion,  the  testing  room  should 
be  as  far  from  the  factory  as  possible,  or  tests  can  be  made  only 
when  the  machinery  is  at  rest. 

When  the  galvanometer  is  adjusted  for  excessive  sensibility 
by  lessening  the  directive  force  of  the  needle,  the  zero  point  is 
liable  to  alteration  from  the  twisting  of  the  suspending  fibre. 
It  is  therefore  better  to  use  a  higher  battery  power  and  a  less 
sensitive  needle. 

The  Leclanch^  battery  is  very  suitable  for  insulation  tests,  but 
the  Daniell  or  one  of  its  modifications  must  be  employed  for 
measuring  low  resistances,  such  as  that  of  the  copper  conductor. 
Great  care  must  be  taken  to  prevent  powerful  currents  passing 
through  the  galvanometer,  as  they  may  seriously  interfere  with 
its  magnetism  and  its  adjustment.  In  testing  for  insulation,  the 
galvanometer  is  short-circuited  to  prevent  the  inductive  chaise 
passing  through  it.  The  short  circuit  can  be  broken  at  the  half 
minute,  and  the  deflection  read  at  the  end  of  the  minute. 

495.  In  using  the  balance  for  the  resistance  of  the  copper 
conductor,  the  ratio  between  the  arms  A  and  c  may  conveniently 
be  10  to  100  ohms  when  the  cable  is  under  4  or  5  miles;  for 
longer  cables  it  may  be  made  100  to  1,000  ohms ;  the  resistance 
can  then  be  read  correctly  within  one- tenth  of  an  ohm. 

The  galvanometer  is  shunted  to  reduce  it  to  the  needed  amount 
of  sensibility,  and  low  battery  power  is  employed. 

When  the  resistance  is  unknown,  the  current  passing  through 
the  galvanometer  may  sometimes  be  powerful;  in  all  tests,  there- 
fore, the  galvanometer  key  should  not  be  firmly  depressed,  but 
tapped  lightly  and  quickly,  so  as  to  allow  a  very  slight  current 
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to  reach  the  coil;  its  direction  can  then  be  ascertained ;  whereas 
if  the  key  were  held  down,  the  spot  of  light  would  be  driven 
across  the  scale  suddenly,  and  would  continue  to  vibrate  to 
either  side,  so  that  its  direction  would  be  unknown,  and  much 
time  would  be  lost  in  waiting  its  return  to  zero. 

If  adding  or  decreasing  resistance  in  the  balance  do  not  alter 
the  direction  of  the  deflection,  the  connections  will  have  been 
incorrectly  made. 

When  the  connections  are  properly  adjusted,  it  will  be  seen 
that  when  the  resistance  of  the  mesusuring  coils  is  too  great,  the 
deflection  is  to  one  and  the  same  side  of  zero,  and  to  the  oppo- 
site side  when  too  small ;  let  then  the  arrangement  of  the  wires 
be  noted,  so  that  the  direction  of  deflection  may  in  all  cases 
indicate  at  once  whether  the  coils  have  too  much  or  too  little 
resistance ;  this  will  save  much  time  and  trouble. 

After  the  direction  of  the  deflection  has  been  brought  under 
command,  alter  the  measuring  coils  until  the  light  is  brought 
near  zero,  then  increase  the  sensitiveness  of  the  galvanometer  by 
lengthening  its  shunt,  and  complete  the  measurement.  In  these 
final  tests  the  key  may  be  firmly  pressed,  but  in  all  cases  it 
must  be  released  when  the  resistance  ia  about  to  be  altered,  as 
the  alteration  may  cause  too  lai^e  a  movement  of  the  light. 
This  is  especially  necesssuy  when  those  resistance  coils  are  used, 
in  which  the  shifting  a  plug  breaks  the  circuit. 

The  plugs  must  be  kept  scrupulously  clean,  and  the  contacts 
firmly  made. 

As  the  resistance  of  copper  wire  is  considerably  affected  by 
alterations  of  temperature,  it  is  convenient  to  use  a  galva- 
nometer of  German  silver  wire,  which  is  far  more  constant,  for 
capacity  or  insulation  tests. 

Methods  adopted  in  testing  the  French  Atlantic.  Cable 

OF  1869. 

496.  (A.)  Tests  applied  to  the  Core. — ^The  core,  afta*  it  has 
been  manufactured  about  fifteen  days,  is  immersed  in  water,  at 
a  temperature  of  75**  Fahr.,  for  twenty-four  hours,  whpn  careful 
observations  are  made  on  each  coil. 

X  2 
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Obs.  1.  The  resigtanee  of  the  conductor  is  determined.  In  the 
cable  in  question  this  was  about  3*25  ohms  for  each  coil,  and 
was  compared  with  a  standard  of  325  ohms,  also  immersed  in 
water  to  secure  uniformity  of  temperature.  In  diagram  1,  ef  is 
a  platinum-indium  wire  stretched  parallel  to  a  metre  scale 
divided  into  millimetres.  The  ends  of  this  wire  are  soldered  to 
massive  copper  bars,  to  which  the  resistance  coils  B  and  a!  are 
connected.  These  coils  have  each  a  resistance  equal  to  that  of 
2*333  metres  of  the  platinum-iridium  wire. 

The  testing  battery  is  one  zinc-platinum  cell ;  the  galvano- 
meter resistance  is  5  ohm  only ;  the  key  is  so  arranged  as  to 
close  the  battery  circuit  first,  then  that  containing  the  galvano- 
meter ;  /  is  the  standard  of  3*25  ohms ;  r  the  coil  of  core 
under  test ;  and  m  a  contact  piece,  sliding  upon  the  stretched 
wire  e  /.  The  commutator  is  so  arranged  that  either  B  and 
r,  JB^  and  r  can  be  connected  (as  shown  by  the  diagram), 
or,  reversing  the  connections,  B  and  r,  r'  and  /.  To  observe, 
press  the  key  and  slide  m  along  e  f  until  no  current  passes 
through  the  galvanometer,  then  reverse  the  commutator  and 
take  another  reading.  The  connections  should  be  made  by 
mercury  cups. 

Let  the  reading  «  m  =  a;  in  the  first  observation,  when  R  and 
r ,  jR'  and  r  are  connected  ;  and  oi  in  the  second,  when  the  con- 
nections have  been  reversed. 

Then   the    resistance  of   the    core    r  —  r   ^       —  '^ 

£i'o66  —  (ic  — x)\ 

where  x  and  »'  are  expressed  in  millimetres (1). 

(aj  -f  7l)\  should  equal  600  ohms  nearly. 

Obs.  2.  The  insulatum-reststance  of  the  percha  after  one 
minute's  electrification  is  determined  both  with  negative  and 
with  positive  currents  from  a  battery  of  100  ceUs,  allowing  a 
sufficient  time  between  the  two  observations  for  the  core  to 
discharge  itself  perfectly.  The  current  is  passed  through  the 
galvanometer  into  the  conductor,  the  opposite  end  of  which 
is  free,  and  the  deflection  is  read  after  one  minute.  The 
galvanometer  is,  in  the  first  instance,  short-circuited,  so  as 
to  prevent  the  charge  passing  through  it.     If  d  is  the  deflec- 
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tion  and  c  the  constant  of  the  galvanometer,  the  insulation- 
resistance  =  —    .    .     .     (2). 

Obs.  3.  The  constant  C  is  found  in  this  way.  (Diagram  3.) 
A  condenser  is  charged  with  one  cell  and  discharged  through 
the  galvanometer  (g)  with  shunt  s,  giving  a  deflection  ct. 

The  condenser  is  next  charged  with  100  cells  and  dis- 
charged through  the  galvanometer  with  shunt  «',  giving  a 
deflection  tT. 

The  current  from  one  cell  is  passed  through  10,000  ohms' 
resistance,  and  then  through  the  galvanometer  shunted  with 
«'"  giving  the  deflection  d'". 

Then  c^d      -.^     x  ^-   x ?  x  ^    ,,,     . 


d'       ^      8"  y  +  s'  8' 

X  {10000  +  remtance  of  cell)    .    .     .    (3). 

•  Obs.  4.  The  rate  at  which  the  core  loses  a  charge  when  the 
ends  are  insulated  is  determined  in  the  following  way : — 

The  coil  is  charged  for  15',  then  insulated,  and  after  having 
been  insulated  60^^  is  discharged  through  the  galvanometer, 
giving  a  deflection  d'. 

It  is  then  recharged  and  immediately  discharged,  giving  a 
deflection  d. 

The  loss  per  cent.  =  100 — —     .*.,.,    (4). 

and  the  effective  mean  insulation  during  the  time  the  coil 
remains  insulated  being  R, 

60 

R  = ^ 

2-303  X  capacity  x  log,^,  -    •     •     (6)- 

i2  is  in  megohms  when  capacity  is  in  microfarads. 
Obs.  5.  The  capacity  of  each  coil  is  determined  thus : — 
A  condenser  of  a  capacity  of  0'356  microfarad  is  charged,  and 
discharged  through  a  galvanometer  with  a  shunt  s',  as  in  Obs.  3, 
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giving  a  deflection  i'.    Then  a  coil  which,  in  Obs.  4,  gives  the 
deflection  d  with  the  shunt  s,  has  a 

CapaMy^d^-^^X'^.y^\,y^^'^^^^<^d     .    .    (6). 

s  is  generally  alike  for  all  the  coils,  so  that 

€±ix-^xl,x  0-355 
s       g  +  8     a 

is  first  found.    Calling  this  expression  a,  the  capacity  of  any 
coU  is  d  a. 

The  same  battery  is  used  for  4  and  5.  It  consists  generally  of 
50  cells. 

(B.)  Tjests  AlrPLiED  TO  THE  Cable.— The  several  coils  of  core 
are  jointed  together,  placed  in  cold  water,  and  tested  before  they 
are  served. 

Obs.  6.  Teds  of  joints  (diagram  6). — The  joint  is  placed  in 
an  insulated  trough  partly  filled  with  water,  one  end  of  the  con- 
ducting wire  is  connected  to  a  key,  the  other  is  left  free.  A  metal 
plate  placed  in  the  water  is  connected  by  an  insulated  wire  with 
one  side  of  a  condenser  having  a  capacity  of  0'05  microfarad, 
and  also  with  one  electrode  of  a  reflecting  electrometer.  The 
other  electrode  of  the  electrometer  is  connected  to  the  remaining 
side  of  the  condenser  and  with  the  earth. 

The  observation  is  made  thus.  The  two  electrodes  are  con- 
nected together,  and  the  battery  is  put  on  the  coiL  The  elec- 
trodes are  now  separated  and  the  battery  ia  reversed,  and  the 
deflection  caused  by  the  inductive  charge  consequent  upon  the 
reversal  of  the  battery  is  observed ;  to  see  that  the  connections 
in  the  factory  are  in  order,  and  that  there  is  the  usual  length  of 
core  in  the  trough. 

The  electrodes  of  the  electh)meter  are  again  connected  to- 
gether until  IS''  have  elapsed  sinc€f  the  reversal  of  the  battery ; 
they  are  then  separated,  and  after  an  interval  of  60^  the  deflection 
(d)  of  the  electrometer  is  observed. 

The  joint  is  then  removed,  and  a  standard  consisting  of  six 
feet  of  the  core  is  placed  in  the  trough  in  its  place,  tested  in 
a  similar  way,  and  the  deflection  obtained  compared  with  that 
from  the  joint 
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Now,  if  the  electrometer  be  so  adjusted  that  each  division 

of  its  scale  corresponds  with  a  difference  of  potential  of  -th 

of  the  battery  power  used,  and  if  the  capacity  of  the  condenser 
and  connecting  wires  be  e  microfarads,  the  insulation  resistance  of 

the  joint,  in  megohms,  will  be  very  nearly  equal  to  —^    .    .     (7) 

and  if  the  length  of  the  core  placed  in  the  trough,  and  that  of 
the  joint  itself,  are  known,  the  insulation  of  the  joint  can  be  com- 
pared with  that  of  an  equal  length  of  perfect  core  at  75°  Fahr. 

Obs.  7.  The  insulation-resistance  of  the  severed  core  is  deter- 
mined by  method  2,  the  zinc  pole  being  put  to  the  cable  and 
the  copper  to  earth ;  and  is  reduced  to  75''  Fahr.  by  the  formula 

J.      Resistance  at  temperature  t         ,      .   .(\r(\a  /q\ 

Resistance  at  temperature  f"^  ^ 

It  is  then  compared  with  the  former  tests. 

The  temperature  is  carefully  taken  by  a  thermometer  which 
has  been  compared  with  a  standard. 

Obs.  8.  The  completed  cable  is  tested  daily  for  the  resistance 
of  the  copper  conductor;  10  cells  being  used  and  the  electric 
balance.     (Diagram  8.) 

J2  is  a  resistance  that  may  be  varied  from  0  to  10,000  ohms. 
r'  and  bT  resistances  of  10  and  100,  or  of  1,000  and  10,000 
ohms.  The  battery  is  first  connected,  shortly  after,  the  galvano- 
meter, and  the  resistance  R  is  altered  until  no  current  flows 
through  the  galvanometer.   When  this  is  the  case,  the  resistance 

of  the  conductor  of  the  cable  =  J2  —   .     .    (9)j  from  which  the 

K 

resistance  of  the  connecting  wires  must  be  deducted. 

The  resistance  so  found  divided  by  the  length  of  cable  in 
circuit,  gives  the  resistance  per  unit  of  length ;  which  is  com- 
pared with  piteVious  determinations  under  Obs.  1,  after  having 
been  reduced  to  75**  Fahr.  by  the  following  formula  :— 

Resistant  at  t  degrees  =  resistariee  dt  f  degrees 
(l  +  (^  —  0  000402)    .    .     .  (10), 
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Obs.  9.  The  insalation-resistance  is  also  determined  daily  as 
in  experiment  2 ;  as  a  rule,  opposite  currents  are  used  on  alter- 
nate days.  The  constant  is,  however,  usually  taken  by  direct 
deflection,  in  the  manner  shown  by  diagram  9,  in  which  a  is  a 
shunt,  jR,  ti^  e  and  e',  resistances.  The  current  passes  through 
e  and  e',  and  then  splits  between  ^  and  B,  together  with  g  and  s ;  1 

call  the  deflection  of  g,  d.  After  reading  d,  e  is  removed,  and 
the  shunt  s  diminished  until  the  deflection  becomes  the  same  as 
before.     Let  the  diminished  shunt  be  s'.    Then  the 

where/--^and/=4^.    .    .     (11). 

Obs.  10.  The  inductive  capacity  is  determined  as  in  experi- 
ment 5.  The  cable  is  charged  with  10  cells,  and  discharged 
tlirough  the  galvanometer  with  properly  arranged  shunts;  the 
discharges  are  compared  with  those  obtained  with  the  same 
battery  from  a  condenser  of  01  microfarad  (see  equation  6). 

Obs.  11.  The  rate  of  loss  of  charge  is  determined  thus 
(diagram  11).  One  end  of  the  cable  is  insulated,  the  other 
is  connected  to  one  electrode  of  a  reflecting  electrometer  \  the 
opposite  electrode  is  attached  to  a  switch  by  which  it  can  be 
joined  to  either  pole  or  battery  of  50  or  100  cells,  or  to  earth 
direct.  The  electrodes  are  first  connected  together,  and  put  to 
earth,  then  separated  without  altering  the  earth  connection ;  the 
electrometer  being  watched,  and  the  process  repeated,  until  the 
cable  is  found  to  be  perfectly  discharged. 

Secondly,  the  electrodes  are  again  connected  together,  and 
the  cable  is  charged  for   20^",  and  the  deflection  read  after 

60^     ThA  loss  of  charge  per  cent,  ia  then  eqvLBl  to^-^^^  x  100, 

constant 

where  the  constant  is  the  ratio  of  the  whole  battery  power  to 
the  electromotive  force,  indicated  by  a  deflection  of  one  division 
on  the  electrometer  scale. 

Obs.  12.  This  constant  is  found  thus  (diagram  12).  The  cur- 
rent passes  through  a  small  resistance  s,  and  then  through  a 
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large  resistance  R  to  earth ;  the  electrometer  being  connected  as 
in  the  diagram,  the  deflection  (d)  is  observed. 

s  is  then  reduced  to  -^  and  22  to  -^    and  the  deflection  (d') 

read^  when  the 


constant 


-''-^i'*^)-  ■  -c^)- 


The  arrangements  should  be  such  that  d  ^d'  is  small. 
In  testing  the  French  Atlantic  Cable,  R  was  usually  about 
57,000,  and  a  10,000  ohms. 

// 

The  constant  being  found,  the  loss  per  cent,  is  100 z — , 

constant 

and  the  insulation  per  knot 

60 

2-303  X  cap.  per  knotx(2-g  (100  -  -MiL) )     .     .    (13). 

\  constant  /  ^    ^ 

which  is  the  same  expresssion  as  in  equation  (5). 

C.  Tests  on  boabd  ship. — After  the  cable  is  shipped,  the 
copper  resistance  is  taken  by  method  8,  and  the  temperature  is 
calculated  thus. 

Obs.  13.  Let  R  be  the  resistance  of  one  knot  of  pu/re  copper 
wire  of  the  same  diameter  and  weight  as  the  core  at  75"^  Fahr. 

Let  Jt  be  the  resistance  per  knot  as  originally  found  by 
Obs.  1,  in  the  tank  heated  to  75**. 

And  let  s!'  be  the  resistance  per  knot  as  observed  on  board 
ship. 

Then  the  temperature  of  the  copper 

rT-^-rT         lOOO**^    ^.      , 
=  R^-R'+R  ^  T02  Centigrade. 

The  temperature,  as  thus  found,  is  compared  with  that  of  the 
water  in  the  cable  tank  as  determined  by  a  thermometer. 

Obs.  14.  The  insuUUion  resistance,  which  has  now  very  much 
lessened,  owing  to  the  increased  length  of  cable  imder  test,  is 
taken  by  direct  deflection,  the  effect  of  electrification  being 
observed  by  keeping  the  battery  current  on  for  20  or  even 
30  minutes,  taking  readings  every  minute. 
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The  cable  is  then  put  to  earth,  and  when  discharged,  a  similar 
series  of  readings  is  taken  with  the  battery  reversed.  If  the 
cable  is  perfect,  the  whole  set  of  readings  should  be  identical 
with  either  current. 

Obs.  15.  Capacity, — On  board  ship  with  a  long  cable  in 
circuit  a  different  method  from  that  adopted  in  Obs.  5  is  neces- 
sary. The  cable  is  connected  as  shown  by  diagram  15;  the 
resistance  b  being  large,  yet  greatly  smaller  than  the  insulation- 
resistance  of  the  whole  cable.  It  should  be  such  that  the  cable 
shall  lose  half  its  charge  in  60  seconds. 

The  battery  key  is  closed,  and  after  the  current  has  been 
applied  about  ten  minutes,  the  deflection  {d)  is  read. 

The  battery  key  is  then  opened,  and  60  seconds  after,  the 
deflection  (df)  is  observed. 

The  capacity  of  the  cable  = r 

R'  (  ij+  Jf  ) 

~ jf  2-303  X  log.  J 

s  +  y 

Where  R  =  the  resistance  coil  already  mentioned. 

iS'ssthe  insulation-resistance  of  the  cable,  after  an 
electrification  for  as  long  a  time  as  the  battery  had  been  kept 
on  before  insulating  the  cable  to  observe. 

R  and  i2'  being  in  megohms,  the  capacity  will  be  in  micro- 
farads. (Forde.) 

Testing  foe  the  Distance  of  Faults  in  Cables. 

497.  When  the  conductor  is  bared  so  as  to  make  earth,  but  not 
broken. — ^The  length  abd  resistance  per  knot  of  the  conducting 
wire  being  known,  it  may  be  tested  for  earth  from  each  end 
(372) ;  but  whenever  a  second  wire  is  available  to  form  a  loop, 
the  loop  test  (371)  should  be  employed,  as  it  is  independent  of 
the  resistance  of  the  fault,  and  is  therefore  more  accurate  than 
any  other. 

Testing  by  the  dij^erentiai, — ^This  method  is  folly  explained  at 
section  365. 
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498.  Whm  the  cable  is  broken. — ^This  is  a  much  more  difficult 
problem.  When  the  cable  is  broken,  both  ends  of  the  conductor 
are  generally  exposed,  but  occasionally  one  end  is  broken  within 
the  percha. 

When  the  copper  touches  the  iron  sheath  the  fault  will  offer 
little  or  no  resistance,  ietnd  its  distance  may  be  found  by  a  simple 
resistance  test. 

But  this  rarely  occurs,  and  there  is  considerable  difficulty  in 
ascertaining  the  distance,  especially  when  only  a  short  length  of 
copper  wire  is  exposed. 

The  difficulty  of  the  problem  arises  from  several  causes. 

(1.)  As  the  ends  are  exposed,  they  form  galvanic  elements  or 
batteries  with  the  iron  sheath  and  the  salt  water,  so  that  a  + 
current  flows  from  the  cable,  through  the  testing  galvanometer, 
to  earth;  this  is  steady  and  constant  if  the  cable  is  not  dis- 
turbed. 

(2.)  We  have  to  deal  with  two  unknown  resistances :  that  of 
the  wire  itself,  and  that  between  the  exposed  end  and  the  earth ; 
the  first  is  constant,  the  second  very  variable,  because — 

(3.)  The  action  of  the  ctirrent  alters  the  resistance  at  the  point 
at  which  the  metal  touches  the  water>  by  coating  it  with  sub- 
stances of  variable  conductibility ;  and  at  the  same  time  the 
apparent  resistance  is  still  further  affected  by  the  currents  of 
polarization  set  up  by  these  substances. 

The  action  which  takes  place  can  be  shown  by  placing  a  piece 
of  cable  in  a  glass  filled  with  salt  water,  and  applying  a  current 
from  40  or  50  cells,  one  pole  of  the  battery  being  connected  to 
the  iron  sheath,  the  other  to  the  copper  conducting  wire.  The 
portion  of  the  cable  connected  to  the  zinc  gives  off  a  stream  of 
hydrogen,  while  the  other  becomes  coated  with  a  chloride  of  the 
metal.  Thus,  if  the  negative  pole  is  connected  to  the  conductor, 
and  the  positive  to  the  sheath,  chloride  of  iron  is  formed,  and  if 
the  connections  are  reversed,  chloride  of  copper  is  produced. 

Let  us  now  connect  a  galvanometer  to  the  cable,  in  such  a 
manner  that  the  current  from  the  cable  battery  of  copper  and 
iron  in  salt  water,  called  the  "  cable  current,"  shall  deflect  the 
needle  to  the  rigM  ;  the  iron  element  being  of  course  alwavs  on 
the  earthi 
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If  a  negative  current  is  now  sent  into  the  cable,  its  direction 
coincides  with  that  of  the  cable  current,  and  does  not  affect  the 
direction  of  the  deflection. 

But  the  superior  force  of  the  testing  battery  overcomes  the 
cable  battery,  and  polarizes  its  elements.  The  copper  wire  be- 
comes  coated  with  hydrogen,  the  iron  sheath  with  chloride  of 
iron,  so  that  when  the  testing  battery  current  is  cut  off,  and  the 
cable  battery  is  again  firee  to  act,  its  action  is  reversed,  and  the 
needle  moves  to  the  hft^  under  the  influence  of  the  current  of 
polarization. 

But  the  hydrogen  gradually  enters  into  combination  and  dis- 
appears from  the  wire,  the  polarization  ceases,  the  needle  returns 
towards  zero,  passes  it,  and  finally  takes  up  its  former  position 
to  the  right,  under  the  influence  of  the  cable  battery  in  its 
normal  state. 

On  the  other  hand,  if  we  test  with  copper  instead  of  zinc, 
the  needle  is  deflected  to  the  left,  the  cable  battery  again  acts  as 
a  decomposition  cell,  but  the  polarization  is  now  in  an  opposite 
direction,  the  copper  being  coated  with  its  chloride,  and  the 
iron  with  hydrogen.  When  the  testing  current  ceases,  the 
needle  therefore  moves  to  the  right,  and  continues  permanently 
deflected  in  that  direction,  because  the  normal  current  from 
the  cable  battery  is  now  in  the  same  direction  as  the  current  of 
polarization. 

If  we  apply  a  succession  of  short  zinc  currents,  after  the  wire 
has  been  coated  with  chloride,  the  needle  will  take  up  a  right- 
hand  deflection  after  the  battery  contact  has  been  broken ;  but 
the  deflection  will  decrease  after  each  test,  and  will  finally  be 
reversed.  The  deflection  to  the  right  is  due  to  the  polarization 
set  up  by  the  chloride  of  copper ;  each  application  of  the  zinc 
current  reduces  a  portion  of  this  chloride,  and  assists  also  in 
removing  it  mechanically  by  the  action  of  the  hydrogen ;  until 
after  a  time  the  chloride  disappears,  and  is  replaced  by  hy- 
drogen. The  sign  of  the  polarization  is  then  changed,  and  the 
direction  of  the  needle  changed  also.  But  there  is  a  moment 
when  the  opposite  actions  of  the  hydrogen  and  chloride  are 
apparently  balanced,  so  that  the  cable  battery  is  inert,  and  the 
end  of  the  wire  unpolarized  and  probably  uncoated.     Then,  and 
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then  only,  can  its  correct  resistance  be  determined.  The  object 
of  the  following  method  of  test  is  to  produce  this  condition. 

499.  LurnsderCs  method. — The  test  for  distance  is  best  made 
with  a  differential  galvanometer.  First  ascertain  the  approximate 
resistance  in  the  ordinary  way,  and  clean  the  end  of  the  wire 
from  the  dirt  and  salts  with  which  it  will  be  coated,  by  applying 
a  zinc  current  for  several  hours,  occasionally  reversing  it  to  get 
rid  of  any  deposit  of  soda  which  may  occur.  The  surface  will 
be  roughe'ned  by  the  re-deposit  of  the  copper  which  has  been 
dissolved,  and  will  therefore  more  readily  throw  off  the  hydrogen 
evolved  by  the  ainc  current.  Next,  apply  a  positive  current  for 
the  purpose  of  coating  the  wire  with  chloride  of  copper,  and 
finally  test  with  the  negative  current.  The  action  of  the  current 
set  up  by  the  chloride  of  copper  makes  the  resistance  appear 
less  than  it  really  is ;  but  as  the  chloride  is  gradually  reduced 
by  the  testing  current,  in  the  manner  which  has  just  been 
explained,  the  resistance  will  appear  to  increase,  moment  by 
moment,  and  the  resistance  coils  must  be  lengthened,  unit  by 
unit,  to  balance  it^  so  as  to  keep  the  needle  as  nearly  as  possible 
at  zero.  The  increase  of  apparent  resistance,  and  the  consequent 
movement  of  the  needle,  is  slow  and  gradual  so  long  as  the 
hydrogen  is  employed  in  reducing  the  chloride ;  when  the  re- 
duction is  nearly  complete  the  movement  is  more  rapid,  and 
when  the  chloride  has  disappeared  hydrogen  is  evolved,  and 
the  apparent  increase  in  resistance  is  enormous  and  almost 
instantaneous,  and  the  needle  moves  over  with  a  bound.  Unless, 
therefore,  the  resistance  of  the  cable  has  been  carefully  balanced, 
so  as  to  follow  the  variation  of  the  current  throughout^  the  test 
will  not  succeed,  because  the  neutral  condition  lasts  too.  short  a 
time  to  permit  the  adjustment  of  the  resistance  coils. 

In  the  first  stage  of  the  test  the  motion  of  the  needle  is 
stopped,  or  even  reversed,  by  adding  one  or  two  units  to  the 
resistance  of  the  coils.  But  when  the  change  is  about  to  take 
place,  this  addition  has  no  effect  on  the  needle,  and  the  coils 
will  then  show  the  true  resistance  of  the  cable. 

In  any  case  a  certain  dexterity  is  required,  which  can  only  be 
obtained  by  practice ;  but  fortunately  the  practice  may  be  had 
conveniently  upon  an  artificial  fault,  or  a  piece  of  percha  wire 
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in  a  tin  can,  filled  T^rith  salt  water,  and  connected  to  a  set  of 
resistance  coils.  Induction  does  not  affect  the  test,  and  as  in 
any  ordinary  cable  the  insulation  is  practically  perfect,  its  re- 
sistance can  be  represented  as  accurately  by  a  rheostat  as  by  an 
actual  cable.  The  higher  the  tension  of  the  battery,  the  less 
does  the  opposing  current  of  polarization  affect  the  result,  for  its 
force  seldom  exceeds  two  or  three  celLs.  The  measurement  is 
therefore  made  with  a  battery  of  as  high  a  tension  as  can  be 
conveniently  procured,  60  cells  or  more. 

If  the  fault  is  at  a  short  distance  add  resistance,  100  ohms  or 
thereabouts,  to  prevent  a  too  sudden  change  of  polarization. 

500.  The  behaviour  of  a  fault  varies  with  the  length  of  wire 
exposed ;  a  short  end  polarizes  and  depolarizes  very  rapidly,  its 
changes  in  resistance  are  correspondingly  rapid  and  it«  resistance 
great.  If  the  end  is  long,  the  changes  are  slower  and  are  more 
readily  observed ;  the  resistance  of  the  fault  is  also  less. 

After  having  well  studied  the  changes  of  the  fault  itself,  make 
an  artificial  fault  by  placing  a  piece  of  the  cable  core  in  a  tin 
can  filled  with  salt  water,  and  alter  the  length  of  the  exposed 
wire  until  it  behaves  in  the  same  manner  as  the  cable,  and  then 
find  its  resistance,  which  will  be  very  nearly  the  same  as  that 
of  the  real  fault;  so  that  the  distance  of  the  break  wUl  be 
the  tested  resistance  of  the  cable  less  that  of  the  artificial  fault. 
This  method  is  not,  however,  of  much  service. 

501.  ClarKs  approximate  method. — It  is  a  convenient  plan  to 
form  a  table  of  the  resistance  of  exposed  ends  of  various  lengths, 
with  6  and  60  cells,  adding  line  resistance  by  a  rheostat,  using 
the  negative  current  and  allowing  the  end  to  take  up  its 
maximum  resistance.  The  tests  with  6  cells  will  be  always 
higher  than  those  with  60,  that  is  to  say,  the  resistance  of  the 
end  will  always  appear  higher  when  tested  with  the  lower 
power,  and  the  difference  between  the  apparent  and  real  resis- 
tance will  also  increase  gradually,  as  the  length  of  the  cable 
itself  or  the  resistance  added  by  the  rheostat  increases,  when 
the  length  of  exposed  wire  is  constant. 

If  a  cable  is  found  to  give,  with  6  and  60  cells,  two  results 
corresponding  to  some  two  in  the  table,  it  is  probable  that  the 
length  and  resistance  of  the  end  exposed  is  the  same  as  that  of 


SUBMAfilNE  GABLE& 


319 


the  artificial  fault  used  in  the  fonnation  of  the  table,  and  there- 
fore that  the  resistance  between  the  testing  station  and  the  fault 
is  equal  to  the  resistance  added  to  the  artificial  fault. 

So  much,  however,  depends  upon  the  manner  in  which  the 
tests  for  the  tables  were  taken,  or  upon  what  we  may  call  the 
"  personal  equation  "  of  the  observer,  that  every  one  should  form 
a  table  for  himself.  The  cable  must  be  treated  in  precisely  the 
same  manner  as  the  artificial  fault,  and  therefore  no  table  will  be 
perfectly  correct  unless  it  is  made  just  before  the  cable  is  tested, 
in  order  that  the  precise  manipulation  may  not  be  forgotten. 

502.  The  following  table  was  formed  with  a  piece  of  the  Dun- 
wich-Zandvoort  cable,  in  a  vessel  of  sea-water,  and  shows  ihe 
manner  in  which  the  apparent  resistance  varies  with  the  tension 
of  the  battery,  the  resistance  added  by  the  rheostat  to  represent 
the  cable,  and  the  length  of  the  exposed  wire. 


Inches  of  copper 
wire  exposed. 

1 

\ 

\ 

\ 

i 

1 

1 

No.  of  cells  used. 

1 

6 

60 

6 

60 

6 

60 

6 

60 

6 

60 

1 

o 

t3 

'     25  1 
50  i 
100 
150 
200 
250 
800 
850 
400 
450 
500 

.1000 

296 
825 
885 
448 
502 
561 
620 
679 
738 
797 
856 
1440 

96 
121 
172 
228: 
274 
825 
876 
427 
478 
529 
580 
1090 

270 
299 
857 
416 
475 
588 
592 
651 
709 
767 
825 
1406 

84 
109 
160 
211 
262 
818 
864 
415 
466 
516 
567 
1076 

259 
287 
845 
403 
461 
519 
577 
636 
694 
752 
810 
1892 

79 
104 
155 
205 
256 
807 
858 
409 
460 
510 
561 
1070 

238 
261 
819 
876 
438 
489 
546 
603 
660 
716 
773 
1889 

75 
100 
151 
202 
258 
304 
855 
406 
467 
507 
558 
1066 

226 
255 
812 
869 
426 
482 
589 
596 
658 
709 
766 
1832 

72 
98 
148 
199 
250 
801 
852 
402 
458 
508 
554 
1062 

503.  Temperature  affects  a  distance  test  to  a  considerable 
extent  by  altering  the  resistance  of  the  copper  (80).  Should  the 
temperature  of  the  sea  vary  only  ten  degrees,  it  would  alter  the 
resistance  2*1  per  cent. 

504.  When  a  cable  is  broken,  no  current,  beyond  that  which 
may  be  necessary  to  prove  that  the  fault  is  in  the  cable,  should 
be  applied  to  it  until  it  is  tested  from  the  shore.    A  newly 
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broken  end  is  clean  and  in  a  fit  state  for  the  operation,  but  the 
action  of  the  sea-water  quickly  covers  it  with  substances  which 
interfere  with  the  test,  especially  if  a  current  is  applied  im- 
properly, and  it  is,  moreover,  useless  to  test  for  distance  through 
a  land  line. 

If  the  fault  is  tested  in  the  ordinaiy  way  before  the  exposed 
end  has  become  coated,  its  proper  resistance  will  be  about  two 
or  three  miles  less  than  that  shown  by  the  test 

505.  Another  meihod, — The  effect  of  polarization  may  be 
eliminated  by  applying  a  negative  current  for  10  or  12  hours, 
interrupting  it  occasionally  and  giving  a  short  positive  current ; 
watching  the  differential  galvanometer  to  ascertain  when  the 
cable  current  ceases ;  then  taking  a  resistance  reading  as  rapidly 
as  possible,  and  ascertaining  whether  the  needle  again  comes  to 
zero,  showing  that  the  polarization  has  not  recommenced.  It  is 
necessaiy  to  adjust  the  resistance  coils  before  the  test,  so  that  it 
may  be  made  without  loss  of  time ;  because  if  the  polarization 
current  be  allowed  time  to  establish  itself,  the  test  will  be 
incorrect.  The  cable  current  is  generally  equal  to  one  Daniell 
cell,  and  therefore  the  larger  the  number  of  cells  used  in  testing, 
the  more  accurate  will  be  the  result.  The  final  tests  are  made 
alternately  with  negative  and  positive  currents,  the  Toean  of 
which  is  taken. 

In  a  rapid  tideway  this  test  should  be  made  at  slack  water 
or  the  chloride  may  be  washed  off,  causing  the  resistance  to 
appear  too  great.  If  the  conductor  is  a  strand  and  the  water 
penetrates  to  any  distance  under  the  percha,  the  first  tests  will 
be  the  best 

506.  Induction  tests. — If  one  of  the  wires  has  very  high 
resistance,  or  is  broken  within  the  insulating  sheath,  it  is 
possible  to  seal  it  uphy  b.  positive  current  from  60  to  100  cells 
continued  10  or  12  hours,  so  as  to  insulate  it  sufficiently  to 
compare  its  charge  and  discharge  with  that  from  a  known 
length  of  the  same  cable,  or  from  a  condenser  of  known  capa- 
city (479). 

In  attempting  to  insulate  the  end,  the  current  must  not  be 
interrupted  for  an  instant,  nor  must  it  be  reversed,  for  a  reversal, 
however  short,  will  destrov  insulation. 
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507.  De  Sauty's  method, — The  capacity  of  the  portion  of  the 
cable  between  the  tester  and  the  fault  may  be  found  by  the 
method  described  in  paragraph  480,  placing  the  cable  in  B, 
the  standard  cable  or  condenser  in  D,  and  varying  the  resist- 
ances in  A  and  c,  until  the  needle  remains  unmoved  when  the 
two  condensers  are  discharged  to  earth,  showing  that  the  indtic- 
tive  circuits^  B  and  D  are  equal.  When  the  condenser  or  cable 
in  D  has  a  less  capacity  than  the  cable  in  b,  the  resistance 
inserted  in  A  must  be  proportionately  less  than  that  in  c,  to 
allow  a  greater  quantity  of  electricity  to  pass  through  the  arm 
A  in  a  given  time,  in  order  that  the  longer  cable  may  be  charged 
to  the  same  potential  as  the  shorter  one  in  the  sam^  period  of 
time.  Then  by  the  law  of  the  balance,  A :  c  :  :  b  :  d.  If  the 
condenser  equals  one  mile  of  the  cable,  the  distance  is  given  in 
miles  without  further  calculation;  the  length  of  cable  repre- 
sented by  it  being,  in  fact,  the  unit  hy  which  the  distance  is 
measured. 

508.  VarUy's  method, — Ascertain  which  takes  the  greater 
charge,  the  cable  or  the  condenser.  If  it  be  the  cable,  connect 
it  to  one  coil  of  the  difTerential  galvanometer,  and  shunt  it  by 
resistance  coUs ;  connect  the  condenser  to  the  second  coil  of  the 
galvanometer.  By  means  of  a  key  take  charge  or  discharge  tests, 
varying  the  resistance  of  the  shunt  until  the  needle  is  unmoved. 

Then,  let  s  be  the  resistance  of  the  shunt, 

g  that  of  one  coil  of  the  galvanometer, 

c  the  length  of  cable  represented  by  the  condenser, 

I  the  length  of  the  cable. 

By  the  same  method  the  length  of  a  cable  may  be  found  from 
that  of  a  similar  cable  of  known  lengtL  Thus,  if  the  length 
of  the  shorter  wire  be  known,  multiply  it  by  «  +  ^  and  divide 
by  B,  which  gives  the  length  of  the  longer  wire;  or,  if  the 
length  of  the  longer  wire  be  known,  that  of  the  shorter  may  be 
obtained  by  multiplying  the  longer  length  by  s  and  dividing  by 

•  JL,  ft 

*  +  ^,  --^^  being  the  multiplying  power  of  the  shunt  used. 


*  /it(iu«<tr<  ctreui^.— See  Webb,  '*  Electrical  Accnmnlatiori  and  Conduction." 

Y 


322  HANDBOOK  OF  PRACTICAL  TELEGRAPHY. 


TESTS  USED  DURING  THE  LAYING  OF  CABLES. 

509.  For  cables  not  exceeding  200  or  300  miles  in  length  the 
following  plan  may  be  adopted  : — ^When  there  are  several  wires 
in  a  cable,  they  are  looped  together  into  a  continuous  length. 
If  the  number  is  even,  an  instrument  is  placed  on  shore,  in  one 
of  the  loops,  for  the  purpose  of  communicating  with  the  ship. 
The  junctions  of  the  several  wires  on  shore  are  carefully  seeded, 
and  the  instrument  is  fixed  on  a  well-insulated  stand.  This  is 
to  make  certain  that  the  insulation  test  shall  not  be  interfered 
with.  If  the  number  of  wires  is  odd,  one  of  them  is  set  apart 
for  communicating. 

All  tests  are  made  by  the  ship,  and  the  shore  may  not  speak 
or  send  a  current  unless  by  permission  of  the  ship. 

The  wires  being  looped,  a  small  battery  and  an  ordinary 
vertical  galvanometer,  both  well  insulated,  are  connected  be- 
tween the  two  extremities.  The  galvanometer  remains  per- 
manently deflected,  and  serves  as  a  test  for  continuity,  without 
interfering  in  any  way  with  the  insulation  test. 

For  insulation,  a  battery  of  100  cells  or  more  is  connected, 
one  pole  to  earth,  the  other  to  the  stud  marked  B  of  the  trigger 
key  (Fig.  123),  the  opposite  stud  G  being  to  earth. 

The  lever  of  the  key  is  connected  to  cable  through  a  marine 
galvanometer.  When  the  lever  of  the  key  rests  on  the  battery 
stud,  the  cable  is  under  test  for  insulation  or  being  charged ;  if 
the  lever  is  released,  and  allowed  to  fall  back  to  the  opposite  or 
earth  stud,  the  cable  is  discharged  through  the  galvanometer. 
But  before  charging  or  discharging  the  cable,  the  vertical  gal- 
vanometer must  be  short-circuited,  or  it  may  be  demagnetized. 

510.  The  following  plan  has  been  proposed  for  maintaining  a 
constant  continuity  test  at  the  same  time  with  the  usual  insula- 
tion test  in  a  single  wire  cable. 

The  battery  and  galvanometer  for  the  insulation  test  are 
placed  on  the  ship,  and  the  land  end  of  the  cable  is  connected 
to  an  insulated  spring.    A  pendulum  is  made  to  vibrate  between 
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this  spring  and  a  similar  one  connected  to  earth  through  ft  gal- 
vanometer. The  bob  of  the  pendulum  contains  a  condenser 
which^  by  vibrating  between  the  end  of  the  cable  and  the  galva* 
nometer,  alternately  charges  itself  from  th6  cable  and  discharges 
itself  through  the  galvanometer. 

The  intermitting  contacts  with  the  condenser  would  appear  on 
the  ship's  galvanometer  like  slight  contacts  with  earth,  and  the 
shore  needle  would  indicate  the  passage  of  intermitting  currents^ 
so  long  as  the  cable  remained  perfect.  The  currents  would 
gradually  lessen  and  finally  cease  if  the  wire  parted  inside  the 
percha,  so  as  to  become  insulated,  and  would  cease  suddenly  if 
the  broken  end  were  exposed,  so  as  to  allow  the  charge  within 
the  cable  to  pass  to  earth. 

611.  But  for  long  single-wire  cables  a  more  refined  method  is 
required.  The  system  adopted  for  the  Atlantic  and  all  other 
recent  long  cables  is  that  of  Mr.  Willoughby  Smith. 

It  is  first  necessary  to  describe  the  Besistance  Slides. 

Besistance  slides. — These  are  used  in  order  to  charge  a  con- 
denser to  a  certain  fraction  of  a  given  potential,  or  to  vary  its 
charge  to  balance  the  varying  charge  of  a  cablei 

It  has  already  been  shown  that  when  one  pole  of  a  battery  is 
put  to  earth  and  the  other  pole  is  connected  to  a  wire  of  high 
resistance,  such  as  a  long  telegraph  wire,  the  distant  end  of 
which  is  also  to  earth,  the  potential  (tension)  falls  regularly 
along  the  wire,  becoming  zero  at  the  distant  end,  and  the  poten- 
tial of  any  point  can  be  ascertained  by  an  electrometer  of  suffi- 
cient accuracy. 

It  therefore  follows  that  if  a  divided  scale  be  attached  to  such 
a  wire,  a  condenser  may  be  charged  to  one-half,  one-tenth,  or 
any  given  firaction  of  the  maximum  potential  of  the  batteiy,  by 
connecting  it  at  the  proper  point. 

An  artificial  line  is  constructed  by  a  large  number  of  resist- 
ance coils.  If  there  be  100  coils  all  equal  in  resistance  (100 
ohms  each),  the  potential  will  vary  by  ^hr^^  V^^  ^^  ^^^  junction 
of  each  pair,  and  thus,  by  attaching  a  condenser  to  any  junction, 
it  may  be  charged  to  any  fraction  of  the  total  potential  of  the 
battery  within  T-frrrt^  part. 

If  a  second  similar  set  be  connected  between  any  two  coils  of 

Y  2 
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the  first,  the  difference  of  potential  between  these  coils  will  agiin 
be  subdivided  into  100  parts,  and  thus  a  reading  pf  urimr^^ 
may  be  attained. 

512.  Tests  dxiring  (he  laying  of  the  Atlantic  Cables. — Fig.  A 
represents  the  arrangements  for  the  shore,  and  Fig.  B  those  for 
the  ship.    (See  diagram.) 

Shore  tests, — In  Fig.  A  the  end  of  the  cable  is  shown  as  con- 
nected with  a  switch  s,  which  can  be  made  to  touch  either  of 
the  three  terminals  marked  1,  2,  3.  It  is  usually  connected 
with  1.  The  cable  end  is  also  permanently  connected  through 
a  high  resistance  (20  or  30  megohms),  to  a  galvanometer  o,  and 
thence  to  earth. 

When  a  permanent  current  is  sent  from  the  ship's  testing 
battery,  the  end  of  the  cable  being  almost  perfectly  insulated 
is  raised  to  a  high  potential,  but  sufficient  current  will  leak 
through  the  resistance  to  affect  the  mirror  galvanometer  G. 
The  resistance  should  be  adjusted  so  as  to  allow  a  deflection  of 
Ikbout  200  divisions  on  the  scale  of  G. 

But  if  the  cable  conductor  become  broken,  or  bared  in  the 
slightest  degree,  a  much  feebler  current  or  none  at  all  will  pasa 
the  resistance;  this  arrangement  then  serves  as  a  continuity, 
and  also  for  an  approximate  insulation  test  for  shore. 

This  high  resistance  is  not  an  ordinary  coil,  but  is  made  of 
selenium  or  of  percha,  and  its  permanence  is  not  well  assured. 
A  second  means  is  therefore  provided  by  which  shore  can 
ascertain  whether  the  potential  of  the  cable  is  maintained. 
Terminal  1  leads  to  the  back  stop  of  a  key  K,  the  lever  of  which, 
is  connected  to  the  upper  pkte  of  a  condenser  c,  whose  lower 
plates  are  connected  through  a  galvanometer  G^  to  earth.  When 
this  key  is  depressed,  it  discharges  the  upper  plates  to  earth  and 
produces  a  deflection  on  g^. 

But,  as  the  upper  plates,  are  permanently  in  connection  with 
ttie  cable  when  the  key  is  at  rest,  the  condenser  is  charged  to 
its  potential,  so  that  the  discharge  and  deflection  consequent 
on  pressing  the  key  shows  the  potential  of  the  cable  for  the 
time  being.     This  test  serves  as  a  check  upon  the  first. 

When  it  is  desired  to  converse  with  the  ship,  the  switch  s  is 
moved  to  terminal  2,  leading  to  the  upper  plates  of  a  second 
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condenser  c^,  the  lower  plates  of  which  are  connected  to  a 
second  switch  s^/ which  can  itself  be  brought  into  contact  with 
one  or  other  of  the  terminals  4  or  5,  leading  to  a  reversing 
key  K^,  and  a  galvanometer  g*  respectively.  To  receive  from  the 
ship  the  switch  s^  is  turned  towards  G^ ;  when  any  alteration 
in  the  potential  of  the  cable  is  communicated  to  the  con- 
denser c\  and  is  indicated  by  a  movement  o^  the  galvano- 
meter needle  either  to  the  right  or  left,  according  to  whether 
the  charge  is  raised  or  lowered,  by  the  reversing  key  on  the 
ship. 

To  speak  to  the  ship,  s^  is  moved  to  terminal  4,  leading  to  a 
reversing  key,  which  by  charging  the  lower  plates  of  condenser 
eS  either  positively  or  negatively,  raises  or  lowers  the  potential 
of  the  cable,  and  produces  single-needle  signals  upon  the  ship's 
galvanometer  o  (Fig.  B). 

-  It  will  be  seen  that  during  signalling  the  insulation  of  the 
eihore  end  of  the  cable  is  unaffected,  all  the  signals  being  pro- 
duced by  induction  through  the  condensers. 

Again,  if  the  switch  S  is  turned  to  terminal  3,  it  is  connected 
to  one  side  of  a  reflecting  electrometer  E^  the  other  side  of 
which  is  connected  to  a  set  of  the  slides  already  described,  by 
m^ns  of  which  the  electrometer  can  be  charged  to  any  required 
fraction  of  the  potential  of  the  testing  battery  B.  If  then  the 
slide  is  moved  until  the  electrometer  stands  at  zero,  its  position 
on  the  resistance  coils  will  show  exactly  the  potential  of  the 
cable  in  terms  of  the  testing  battery. 

But  it  is  necessary  to  eliminate  the  error  which  would  arise 
feom  a  variation  in  the  testing  battery,  and  for  this  purpose,  a 
set  of  ordinary  resistance  coils  B,  and  a  third  galvanometer  g\ 
are  provided.  The  resistance  of  these  colls  is  from  time  to  time 
altered  so  as  to  keep  the  potential  of  the  slide,  as  shown  by  the 
deflection  of  g',  uniform ;  so  that  its  indications  may  remain 
perfectly  constant  from  day  to  day. 

Thus  if  the  minutest  fault  occur,  the  time  of  its  occurrence 
can  be  ascertained. and  its  locality  calculated. 

Ship  tests.— li  is  desirable  that  the  tests  oa  board  the  ship 
should  be  less  complicated  than  those  on  shore,  and  they  are 
consequently  arranged  in.  the  more  simple  form  shown  in 
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Figure  B.  They  consist  of  a  Wheatstone's  bridge,  in  connectton 
with  batteiy  B,  one  pole  of  which  is  connected  with  the  point  p, 
from  which,  the  plug  P  being  out  while  the  plugs  p^  and  p*  are 
in,  the  current  will  be  divided  and  pass ;  a  part  by  the  resistance 
coils  R,  to  the  point  w,  and  a  part  through  tiie  right-hand  section 
of  the  slide  and  coils  to  the  point  x,  forming  two  sides  of  the 
bridge — the  other  two  being  represented  by  the  resistance  of  the 
insulating  sheath  of  the  cable,  and  the  left-hand  section  of  the 
slides.  When  the  plugs  p^  and  P*  are  in,  there  is  also  a  circuit 
from  w  to  X,  through  the  galvanometer  a,  completing  the  com- 
bination. Now  the  shore  extremity  of  the  cable  being  always 
insulated,  the  means  of  determining  the  insulation  of  the  cable 
itself  are  very  simple :  the  galvanometer  o  will  of  course  in- 
dicate when  the  resistances  in  the  four  sides  of  the  Wheatstone's 
bridge  are  balanced,  under  which  circumstances  they  will  form 
a  simple  proportion,  of  which  three  of  the  factors,  viz.  the  re- 
sistance in  the  coils  R  and  the  right  and  left  sections  of  the 
slide,  are  known,  and  from  which  the  fourth,  the  resistance  of 
the  insulation  of  the  cable,  can  be  found. 

The  resistance  of  the  coils  R  is  not  altered,  but  the  galvano- 
meter G  is  brought  to  rest  by  the  adjustment  of  the  moveable 
part  of  the  slides.  If  any  injury  causing  a  leak  should  occur 
in  the  cable,-  the  Wheatstone's  bridge  will  have  to  be  used  in 
determining  the  position  of  that  leak  by  simply  balancing 
the  resistances,  as  already  described,  when  the  difference  of 
resistance  in  the  cable  thus  determined  will,  in  conjunction 
with  the  observation  at  the  shore  end,  give  the  required  data 
for  calculating  the  position  of  such  leak  with  considerable 
accuracy. 

If  anything  should  go  wrong  with  the  Wheatstone's  bridge, 
there  is  still  the  means  of  applying  the  direct  insulation  test, 
by  simply  removing  the  plugs  P^  and  p*  and  inserting  the  plug 
?,  when  the  current  escaping  through  any  leak  will  be  at  once 
indicated  on  the  galvanometer  o,  the  deflection  of  which  will 
under  such  circumstances  be  largely  increased. 

The  resistance  coUs  R^  are  arranged,  in  connection  with  the 
galvanometer  G^  to  regulate  the  potential  of  the  battery  B,  in 
the  same  manner  as  the  resistance  coils  R,  and  galvanometer 


tr-     Jf^  " '  '  ■ 


^ew 


»    ©ITMSIiS     'KiDKIS     ©^IBILHS. 


p 


; 


Q       I        2       3      4      5      g|       7      a      9       10 


C/^ry  tSoft  d  Tas'ior.  JdZhg.  Bread/  S^  MUL 


1 


SUBMARINE   CABLES.  327 

g'  (Fig.  A),  are  used  for  regulatiDg  the  potential  of  the  battery  b 
in  the  shore  arrangement.  Battery  B^  (Fig.  B)  is  used,  in  con- 
nection with  the  inverting  keys  attached  thereto,  for  speaking  to 
the  shore :  by  pressing  one  or  other  of  the  keys,  the  potential  of 
B^  is  added  to  or  subtracted  from  that  of  B,  so  as  to  alter  the 
charge  in  the  cable. 

It  is  necessary  to  render  the  galvanometer  g  (Fig.  B)  ex- 
tremely sensitive  when  the  insulation  test  is  made,  in  order  to 
ensure  as  fine  a  balance  as  possible  in  ascertaining  that  insula- 
tion ;  whereas  when  signals  are  to  be  received  by  it,  its  sensi- 
tiveness has  to  be  reduced  to  keep  the  vibrations  of  the  spot  of 
light  within  certain  limits ;  for  this  purpose  it  is  supplied  with 
a  shunt,  as  shown  in  the  diagram.  Between  every  letter  the 
galvanometer  6  is  rendered  very  sensitive,  and  an  insulation 
reading  taken ;  but  prjwtically  the  insulation  test  is  never  off, 
for  if  any  considerable  fault  occur  during  the  process  of  speak- 
ing, the  shore  end  of  the  cable  being  always  insulated,  and  that 
on  board  ship  in  connection,  through  the  galvanometer  and 
slides,  with  the  battery,  the  leakage  of  the  current  will  produce 
a  very  considerable  change  in  the  indications  of  the  galvano- 
meter G,  a  far  greater  change  than  could  possibly  be  produced  in 
transmitting  the  signals. 

It  will  be  perceived  that  during  the  whole  process  of  sub- 
mergence the  shore  end  of  the  cable  is  always  insulated,  and 
the  tests  are  never  removed  either  for  signalling  or  any  other 
purpose  :  this  continuity  of  the  tests  is  the  great  advantage  of 
the  system. 

The  foregoing  has  been,  in  the  main,  condensed  from  the  very 
excellent  lectures  given  by  Professor  Fleeming  Jenkin  to  the 
Boycd  Engineers  at  Chatham,  and  it  describes  the  system 
adopted  during  the  laying  of  the  1866  Cable. 

Mr.  WiUoughby  Smith  explains  that  the  slides  and  battery 
in  connection  with  the  electrometer  in  the  shore  arrangement 
were  used  at  the  request  of  Sir  William  Thomson,  merely  as  an 
experiment.  But  no  trustworthy  results  were  obtained  by  the 
arrangement,  and  therefore  during  the  laying  of  the  French 
Atlantic,  the  slides  and  battery  were  not  used  on  shore,  but  the 
electrometer  was  permanently  connected  between  the  end  of  the 
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cable  conductor  and  the  earth,  as  a  check  on  the  condenser 
system  for  obtaining  the  potential  of  the  line.  In  all  the  long 
cables  laid  since  the  French  Atlantic^  the  condenser  system 
pure  and  simple,  without  the  electrometer^  has  been  adopted 
with  very  satisfactory  results^ 


METHODS  OF  WORKING  CABLES,  AND 
SPEED  OF   SIGNALLING. 

513.  The  speed  of  working  is  determined  by  the  time  re* 
quired  to  cause  a  suificient  variation  of  current  at  the  distant 
end  to  affect  the  receiving  instrument. 

When  a  signal  is  sent  through  a  cable,  the  current  must  com- 
plete its  inductive  action  upon  each  successive  portion  of  the 
outer  coating  before  it  can  pass  on  to  the  next  ]  as  this  occupies 
a  sensible  interval  of  time,  a  signal  does  not.  reach  the  end  of 
a  long  cable  till  after  a  sensible  interval  Some  effect  certainly 
is  produced  at  the  distant  end  as  soon  as  the  current  is  applied, 
but  it  is  very  feeble;  the  current  gradually  gains  force  until 
it  reaches  its  maximum,  when  it  remains  constant. 

In  cables  similar  except  in  length,  the  time  occupied  by  the 
current  received  at  the  distant  end  in  attaining  a  certain  pro- 
portion of  its  maximum  strength,  varies  as  the  square  of  the 
length  of  the  cable. 

614.  When  a  current  is  sent  from  Valentia  to  Newfoundland 
no  effect  is  produced  on  the  most  delicate  instrument  for  two- 
tenths  of  a  second.  After  four-tenths  of  a  second  the  current 
has  attained  about  7  per  cent,  of  its  maximum  strength,  and 
it  is  not  till  after  three  seconds  that  it  gains  its  fall  strength 
and  flows  uniformly.  When  the  battery  contact  is  broken  the 
current  dies  away  gradually. 

615.  When  signals  are  made  on  a  Morse  instrument  a  signal 
does  not  commence  until  the  current  has  attained  sufficient 
strength  to  act  upon  the  electro-magnet,  nor  does  it  cease  until 
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its  force  has  dimiiushed  sufiicieutly  to  release  the  armature,  so 
that  a  considerable  diiference  of  potential  must  be  produced  at 
the  distant  end  of  the  cable ;  not  only  so — the  wave  must  also 
rise  above  and  fall  below  a  certain  fixed  datum  line. 

The  effect  of  induction,  therefore,  is,  firstly,  to  retard  the  pro- 
duction of  a  signal,  and  secondly,  to  prolong  it  after  the  contact 
with  the  batteiy  has  been  broken.  If  the  cable  is  not  put  to 
earth  at  the  battery  end  of  the  circuit  between  each  signal,  the 
effect  of  prolongation  is  at  its  maximum,  for  the  charge  can  only 
escape  at  the  receiving  instrument.  In  this  case,  when  dashes 
axe  sent,  as  shown  by  the  upper  of  the  two  lines,  a  continuous 
line  is  produced ;  commencing  a  little  late,  thus — 


When  an  earth  contact  is  made  at  the  sending  end  after  each 
signal,  so  that  the  charge  can  escape  at  both  ends,  the  prolonga- 
tion is  less,  and  the  received  mark  shorter.  The  three  dashes 
will  then  appear  thus — 


And  if  a  reversed  current  is  sent  after  each  signal,  so  as  to 
neutralize  a  portion  of  the  chaige  remaining  in  the  cable,  by 
electricity  of  the  opposite  sign,  the  prolongation  is  still  less. 


The  retardation  or  loss  of  time  in  the  passage  of  the  current 
is  the  same  in  each  case,  although  the  speed  of  signalling  is 
greatest  in  the  last. 

The  effect  is  best  shown  by  using  a  Bain  apparatus  to  receive 
the  signals.  The  line  is  then  seen  to  commence  with  a  point, 
gradually  widening  out  till  the  wave  attains  its  maximum,  then 
maintaining  an  even  width,  and  gradually  tapering  off,  after 
batteiy  contact  is  broken,  until  the  current  has  become  too 
weak  to  decompose  the  solution. 
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If  a  looped  cable  or  artificial  cable  be  available,  the  Bain 
may  be  fitted  with  two  pens,  one  placed  in  a  local  circuit  so  as 
to  show  the  actual  duration  of  the  battery  contacts,  the  other  at 
the  receiving  end  of  the  cable.  The  first  will  produce  the  upper 
line  of  the  illustrations,  the  second  the  lower  line.  The  signals 
of  the  upper  line  will  commence  and  cease  abruptly,  those  of  the 
second  line  will  swell  and  diminish.  But  if  a  Morse  be  used  as 
the  receiving  apparatus,  the  signals  will  resemble  those  shown 
in  the  text,  because  it  cannot  register  the  gradual  increase  and 
fall  of  the  current. 

-  516.  It  will  be  found  by  experiment  with  the  Bain  that  the 
order  of  sequence  of  long  and  short  signals  affects  their  legibility, 
and  that  a  succession  of  dots  can  be  registered  much  more  rapidly 
than  mixed  dashes'^and  dots,  because  the  longer  duration  of  the 
battery  contact  in  a  dash  charges  the  cable  higher  than  the 
shorter  contacts  in  dots,  and  therefore  a  longer  time  is  required 
for  the  discharge. 

517.  But  an  instrument  capable  of  showing  each  small  varia- 
tion of  current,  whatever  be  its  absolute  strength,  will  render 
signalling  much  more  rapid  than  one  in  which  the  current  must 
rise  and  fall  above  and  below  a  fixed  amount. 
_  The  reflecting  galvanometer,  when  arranged  for  the  purpose, 
fulfils  this  condition;  the  spot  of  light  follows  each  small 
increase  or  diminution  of  current  irrespective  of  the  actual 
charge  in  the  cable,  and  can  be  read,  however  far  it  may 
wander  from  zero,  provided  only  the  light  is  kept  on  the  scale. 
It  is  not  diflScult  to  decipher  the  movements  of  the  spot  of 
light  even  if  it  wanders  over  a  field  of  several  inches.  The  first 
dot  moves  the  spot  a  long  distance,  the  light  moves  slightly 
towards  zero  in  the  interval  between  the  signals,  the  second  dot 
does  not  produce  as  l^ge  a  deviation  as  the  first,  but  sends  the 
spot  only  a  little  further,  a  third  produces  less  effect  still,  but 
is  legible.  The  actual  method  of  signalling  is  by  reversals,  as 
in  the  single  needle  code,  where  movements  to  the  right  repre- 
sent dashes,  those  to  the  left  dots,  but  the  long  and  short 
signals  of  the  Morse  code  can  be  given  also. 

Suppose  a  needle  carrying  a  mirror  is  place4  in  circuit,  and 
that  a  difference  of  20"*  in  the  strength  of  the  current  is  required 
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to  move  the  Morse,  the  Morse  signale  then  will  not  be  legible 
Diile88  the  needle  moves  20° ;  but  mirror  signals  will  be  legible 
whether  the  needle  moves  1°  or  20° ;  and,  even  though  the  cable 
may  not  have  been  folly  discharged  after  preceding  signals,  so 
that  the  needle  remains  deflected  even  to  19°,  yet  if  tiie  next 
signal  prodace  a  variation  of  but  1°  and  moves  the  needle  from 
19°  to  20°,  the  signal  will  be  legible.  Signals  can  be  read  any- 
where between  zero  and  20°,  while  to  produce  a  signal  on  the 
Morse  the  variation  must  be  sufficiently  large  to  move  the 
needle  19°  to  zero  and  back  again  to  the  20th  degree.  The 
minor  is  merely  a  very  sensitive  single  needle  whose  move* 
mente  are  magnified.  The  following-  diagram  shows  the  shape 
of  the  wave  under  the  two  systems  for  the  letter  V- 


But  there  are  methods  by  which  the  prolongation  of  the 
current  can  be  decreased  sufficiently  to  enable  cables  of  300  or 
even  of  400  miles  to  be  worked  on  the  Morse  system. 

The  double  current  system  (410)  increases  speed. 

518.  The  cables  between  England  and  Holland,  and  England 
and  Hanover,  are  worked  by  the  Morse  with  reversed  cun-ents. 
The  signals  are  produced  by  the  positive  current,  and  the 
negative  current  is  applied  in  the  interval  between  the  signals 
to  discbarge  the  cabla  But  this  negative  current,  if  in  excess, 
charges  the  cable  negatively,  and  must  be  discharged  by  the 
following  positive  current  before  the  next  signal  can  be  recorded. 
It  is  therefore  necesefliy  to  arrange  that  the  negative  shall  be 
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only  just  sufficient  to  compensate  or  neutralize  the  positive ;  and 
it  is  found  that  the  former  should  have  about  two-thirds  the 
tension  of  the  latter. 

The  ordinary  hand-switch  for  changing  the  line  wire  from  the 
key  to  the  receiver  cannot  he  used,  because,  to  conform  to  the 
Continental  practice,  it  is  required  that  the  clerks  shall  be  able 
to  stop  one  another  during  the  slightest  pause. 

An  automatic  switch,  technically  called  a  Zinc-sender  (Fig. 
127),  is  employed.  It  consists  of  any  polarized  relay — Siemens', 
for  instance — provided  with  two  contact  screws,  the  contact 
bar  A  has  rather  a  wide  play,  and  is  fitted  with  a  spring  to 
lengthen  the  time  of  contact  on  the  zinc  side.  The  coils  have  a 
resistance  at  least  equal  to  that  of  the  line  and  receiving  instru- 
ment ;  and  the  apparatus  is  connected  as  in  Fig.  127. 


ZINC    eCNOSTR. 


EARTH, 

Fig.  127* 


When  the  key  is  depressed^  the  copper  or  marking  current 
divides  between  the  coils  of  the  zinc-sender  and  the  line  wire, 
moving  the  bar  a  from  the  screw  connected  with  the  receiving 
relay  to  that  connected  with  the  zinc,  thus  joining  the  back 
6top  B  of  the  key  with  the  zinc  battery.  When  the  key  is 
released,  the  zinc  current  divides  in  like  manner  between  the 
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line  and  the  coils  of  the  zinc-sender,  the  one  portion  discharging 
the  line,  the  other  bringing  the  bar  back  from  the  zinc  contact 
to  the  position  for  receiving  signals  from  the  distant  station. 

The  contact  bar  A  should  be  so  adjusted  as  to  be  sufficiently 
attracted  to  the  receiving  side  not  to  be  acted  on  by  the  current 
from  the  distant  station,  or  to  be  moved  by  the  shaking  of  the 
table ;  and  it  should  also  stick  sufficiently  on  the  zinc  side  to 
remain  there  when  the  key  is  released  until  the  key  touches 
the  back  stop  b,  so  as  to  permit  the  zinc  to  flow  to  line  until  the 
spring  attached  to  the  bar  a  has  left  the  zinc«contact  screw. 
The  electro-magnet  opposes  for  an  instant  the  passage  of  the 
current,  and  therefore  a  larger  proportion  of  current  passes  to 
line  when  a  dot  is  sent  than  in  the  case  of  a  dash.  The 
deviation  to  earth  assists  in  some  measure  in  discharging 
the  line. 

Where  this  system  is  employed  it  is  important  that  the  resis- 
tance of  the  land  lines  connected  to  a  cable,  as  well  as  that  of 
the  batteries  and  instruments,  should  be  as  small  as  possible, 
for  the  efiect  of  adding  resistance  to  either  end  of  a  cable  is 
both  to  retard  and  weaken  the  signals.  The  effect  of  a  given 
exterior  resistance  is  greatest  when  it  is  equally  distributed  at 
either  end,  and  least  when  placed  at  the  receiving  end  of  the 
cable. 

519.  Compensation  is  more  easily  effected  by  automatic  than 
by  hand  signalling,  as  the  relative  duration  and  strength  of  the 
currents  must  be  accurately  apportioned  in  order  to  produce 
the  best  effect,  and  this  can  only  be  done  by  mechanical  means. 
Some  of  these  means  will  be  described  in  the  chapter  on 
automatic  systems. 

A  mechanical  arrangement  was  designed  by  Varley  for  the 
Atlantic  cables,  called  the  curb-key.  It  was  arranged  to  send 
five  currents,  of  the  following  respective  durations  and  signs : — 
+  100  —  156  +  80  —  32-5  +  26,  the  resultant  of  which  was  a 
short  positive  signal,  of  a  strength  equal  to  one  per  cent,  of 
that  current  which  the  battery  would  have  produced  if  placed 
permanently  in  circuit ;  the  second  current  was  stronger  than 
the  first,  in  order  that  it  might  act  as  rapidly  as  possible. 
•  However,  the  method  about  to  be  described,  by  which  all  the 
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longest  cables  are  worked,  has  shown  that  with  a  very  delicate 
receiving  instrument  no  compensation  is  necessary. 

520.  Method  of  working  the  Atlantic  and  other  long  cables. — ^The 
signalling  apparatus,  as  arranged  by  Mr.  Willoughby  Smith,  and 
now  in  use  on  the  cables  laid  between  England,  America,  and 
India,  consists  of  the  following  parts  :— 

(1.)  A  very  sensitive  mirror  galvanometer  of  simple  con- 
struction, and  of  a  resistance  of  about  2,000  ohms :  the  spot  of 
light  is  thrown  from  the  mirror  on  a  shaded  screen.  A  move- 
ment  of  the  spot  of  light  to  the  left  indicates  a  dot  of  the 
Morse  alphabet,  a  movement  to  the  right  a  dash,  as  in  the 
single-needle  code.  These  signals  are  produced  by  reversing  the 
currents  at  the  sending  end  by  means  of 

(2.)  An  ordinary  double  sending-key  like  that  of  a  single* 
needle;  and 

(3.)  A  battery  composed  of  a  small  number  of  the  cells  known 
as  Minotto's. 

As  the  receiving  apparatus  is  extremely  sensitive,  it  is  impor- 
tant to  avoid  the  disturbing  effect  of  earth  currents  (197),  and  for 
this  purpose  a  condenser,  having  a  capacity  equal  to  that  of  50 
knots  of  the  cable,  is  placed  between  the  cable  and  the  receiving 
instrument,  the  sending-key  being  connected  directly  to  the 
cable.  The  condenser  is  not  inserted  to  increase  the  speed  of 
signalling ;  in  fact  it  slightly  retards  it ;  but  it  very  materially 
assists  in  obviating  interferences  by  earth  currents ;  it  also  tends 
to  limit  the  space  over  which  the  light  travels. 

It  has  already  been  shown  that  when  one  plate,  or  a  series  of 
plates  of  a  condenser  is  charged,  the  other  being  to  earth,  an 
equal  quantity  of  electricity  of  the  same  sign  leaves  the  opposite 
plate,  returning  when  the  charge  is  removed  or  reversed ;  and 
that  if  a  galvanometer  be  placed  between  the  second  plate  and 
the  earth,  it  will  be  deflected  for  an  instant  by  the  passing  of 
the  electricity. 

As  the  signals  are  thus  given  by  short  impulses,  it  is  found 
occasionally  necessary  to  introduce  resistance  into  the  circuit,  to 
prevent  too  violent  an  action,  or,  as  it  were,  to  lengthen  out  the 
impulse.     On  long  cables  this  is  not  necessary. 

The  weight  of  the  mirror  and  magnet  together  is  but  three 
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grains  ;  a  dead  beat  is  obtained  by  osing  a  very  abort  suspending 
fibre,  about  ^lyincb,  and  a  powerful  directii^  magnet  (125).  The 
maximum  speed  is  22  words,  or  110  letters  a  minute,  on  a  cable 
1,896  knots  in  length. 

521.  It  has  been  proposed  to  use  a  modification  of  tbe  induction 
coil  (175),  with  a  long  fine  primary,  and  a  short, 

stout,  secondary  wire,  instead  of  the  condenser. 
The  currents  from  the  cable  are  made  to  pass 
through  the  fine  primary  wire,  and  the  mirror 
is  placed  in  the  secondary  circuit. 

522.  Tkomson's  Recorder. — The  object  of  this 
apparatus  is  to  register  signals  similar  to  those 
of  the  reflecting  galvanometer  upon  a  paper 
ribbon.  In  it  the  coil  is  moveable  and  the 
magnet  is  fixed.  A  light  coil  of  very  fine  wire 
is  suspended  between  the  poles  of  a  powerful 
borse-shoe  magnet,  in  front  of  the  coil  is  placed 
an  insulated  vessel  filled  with  common  ink  into 

which  a  syphon  of  extremely  thin  glass  dips ;  <£ 

the  end  of  the  syphon  is  bent  horizontally  and  ", 

faces  the  paper  ribbon ;  it  is  so  arranged  as  to  -  g 

be  free  to  move  in  a  direction  at  tight  angles 
to  the  length  of  the  paper. 

Consequently,  if  the  ink  is  caused  to  issue 
from  the  syphon  with  sufficient  force,  and  the 
syphon  itself  is  moved  from  side  to  side,  it  will 
trace  lines  upon  the  ribbon. 

If  sujgle-needle  signals  are  sent  through  the 
circuit,  the  coil  moves  from  side  to  side  and 
moves  the  syphon  lay  means  of  a  thread  con- 
necting the  two,  and  if  the  ribbon  is  caused  to 
travel  onwards,  the  movements  of  the  coil  will 
be  recorded  on  the  paper. 

The  spirting  of  the  ink  is  necessary  for  the 
purpose  of  avoiding  friction  on  the  surface  of 
the  paper,  and  is  effected  by  electrical  repul-: 
sion,  the  ink  vessel  being  charged  to  a  high  potential  by  means 
of  a  doubter  driven  by  an  electro-magnetic  engine. 
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Kg.  128  is  a  fac-simile  of  the  writing  of  the  recorder. 

The  embarrassment  caused  by  induction  is  felt  on  very  short 
cables,  and  even  on  suspended  wires,  if  the  speed  of  signalling 
is  proportionately  increased ;  for  at  a  speed  of  60  words  the 
efTect  begins  to  show  itself  on  a  land  line  of  200  miles.  This 
question  will  be  further  considered  in  the  chapter  on  Automatic 
Systems  at  the  end  of  the  volume. 

523.  Methods  of  caleulating  speed. — If  we  possess  trustworthy 
data  of  the  dimensions  and  speed  of  any  existing  cable,  we  may 
calculate  those  of  any  other,  or  construct  a  cable  of  any  re- 
quired working  capacity. 

But  it  must  be  premised,  that  in  all  calculations  of  speed  it  is 
supposed  that  the  cables  which  are  to  be  compared  are  worked 
precisely  in  the  same  manner;  that  is  to  say,  if  other  things  are 
equal,  the  relative  speeds  will  be  those  given  by  the  formula. 
This  is-a  condition  which  never  can  be  obtained,  except  by  using 
a  mechanical  transmitter,  and  hence  the  speed  calculated  from 
trials  upon  some  well-known  good  cable,  the  Malta- Alexandria, 
for  instance,  with  a  certain  instrument  and  a  certain  clerk,  fre- 
quently differ  from  the  results  obtained  in  practice,  which  in 
great  measure  depend  upon  the  efficiency  of  the  operator,  and 
the  skill  with  which  the  instruments  are  made  and  adjusted,  as 
well  as  upon  the  system  adopted. 

For  instance,  the  Morse  is  very  much  slower  than  the  mirror, 
while  the  syphon  recorder  is  almost  as  rapid  as  the  miiTor. 

524,  Jenkin^  gives  the  following  formula  for  the  speed  of 
mirror,  based  on  a  rate  of  13  words  per  minute,  through  the 
French  Atlantic  cable,  on  which  as  many  as  17  words  have 
occasionally  been  sent. 

•    Speed  by  mirror  in  words  per  minute — 

-  0-2325  :r  ^°'^-  ^^^'^ '"  +  ^f  ""^  "  ^'^^  ^^  "'  x  10« 

for  percha,  where  w  is  the  weight  per  knot  of  the  copper  and 
W  the  weight  of  the  percha  of  the  cable,  and  l  its  length  in 
knots. 

■      ■     ■  ■  .1.11.  I .        ,        I     II      ■ 

^  Text-books  of  Science.     '*  Xlectiicity,"  p.  888. 
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525.  To  Jind  the  speed  of  a  cdble  whose  dimensions  are  given 
from  the  known  speed  of  another  cdble  whose  materials  are  similar 
hd  whose  dimensions  are  different, — Let  it  be  reqiiired  to  calcu- 
late the  speed,  s,  of  1,245  knots  of  the  Persian  Gulf  cable,  from 
the  speed  of  the  first  Malta- Alexandria,  which  is  said  to  have 
been  6  words  through  1,000  knots. 

In  the  former  cable  d  =  110,  log.  ^  =  *5383,  and  I  =  1245; 

in  the  latter  d  =  153,  log.  ^   =  -4808,  1  =  1000,  and  s  =  6. 

Then  by  (4)  page  277— 

5  :  s  :  :  1000*  x  110^  x  "5383  :  1245^  x  153*  x  "4808  =  2-24, 

the  calculated  speed  of  1,245  knots  of  the  Persian  Gulf  cable, 
when  worked  in  a  similar  manner  to  the  Malta- Alexandria. 

526.  To  calcidate  the  proper  proportions  of  the  core  of  a  cable  to 

provide  for  the  transmissian  of  a  certain  given  number  of  words 

per  minute. — The  Malta-Alexandria  cable  is  assumed  for  calcida- 

tion  to  have  given  6  words  per  minute  by  Morse  through  1,000 

knots.    It  actually  gave  17  words  through  597  knots,  but  by  (2) 

page  227 

10002  :  5972  :  :  17  :  6. 

Suppose  that  it  is  desired  to  construct  a  cable  of  500  knots  in 
length  which  shall  give  10  words  per  minute  by  Morsa  If  we 
were  to  make  use  of  the  dimensions  of  the  Malta-Alexandria 
cable,  500  miles  would  give  us  24  words  per  minute,  for 

5002 .  .  10002  :  6  :  24. 

We  therefore  can  reduce  the  dimensions  of  the  Malta- Alex- 
andria core  until  we  produce  a  cable  of  such  dimensions  that 

where  the  one  side  of  the  equation  equals  the  dimensions  of 
the  Malta- Alexandria  cable,  and  the  other  side  those  of  the 
required  cable. 

In  the  above  equation  it  is  evident  that  L  =  775,  because 

7752  :  10002  :  :  6  :  10 

and  therefore  775  knots  is  the  length  of  the  Malta- Alexandria 
core,  which  would  give  10  words  per  minute. 

z 
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And  as    -    ,  or  the  reciprocal  of  the  product  of  the  resistance 

It  T 

and  inductive  capacity  of  the  Malta-Alexandria  cable  is  129,^ 
the  equation  becomes. 

7752     5002 


129 


X 


.,  or  7752  ::500S;: -129:0;; 


therefore  a;  =  '054=  —  for  the  required  cable,  and  22  7=  18*5. 

RI  ^ 

In  the  Atlantic  Cable  the  ratio  --  is  3*18  and  its  log.  '602,  but 

d 

if  we  made  the  ratio  of  the  outside  to  the  inside  diameter  of  our 

cable  3*16,  the  logaritlim  of  this  or 

D 


and 


locT.      =  -500 

"^  d 

=  2. 


^'^•~d 


Again,  as  ^/  =  18*5, 

R  =  9*25,  by  substituting  the  above  value  of  /. 

Therefore  the  conductor  of  our  cable  must  be  a  stranded  wite 
whose  resistance  equals  9*25  ohms  per  knot. 

Now,  this  would  be  a  strand  of  102  in.  diameter,  and  there- 
fore we  must  make  the  diameter  of  our  insulating  covering  such 
that 

log.    ^  or  log.  ^-^=500. 


1  The  following  are  the  dimensions  of  the  Malta-Alexandria  cable,  from  whence 

-g—  =  '129  is  derived. 
R  I 

Outside  diameter  of  core  =  *457  =  D 
Diameter  of  conductor      =  '162  =  d 


T* 

.o«.^ 

1 

1 

Resistance  of 
conductor  (K) 

RI 

1 
RI 

Ratio  21 

log.- 

2-82 

•4502 

2-222 

3-49 

7-75 

•129 
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D  therefore  is  '322  in.  in  diameter,  so  that  a  cable  500  knots  in 
length,  whose  conductor  measures  '102  in.  diameter  and  gives  a 
resistance  of  9*25  ohms  per  knot,  and  whose  insulating  coating 
of  gutta-percha  measures  *322  diameter,  will  give  us  a  speed  of 
10  words  per  minute,  if  worked  in  the  same  manner  as  the 
Malta- Alexandria.  (Preece,) 
These  data  are  taken  from  the  original  Malta-Alexandria  cables 

the  log.  —   of  which  is  given  by  Clark  and  Sabine  ^  as  0*4809. 

The  speed  by  Morse  is  given  above  as  6  words  through  1000  knots, 
but  the  speed  of  the  present  cable  worked  by  mirror  is  19  words 

through  925  knots,  and  the  log.--  is  0*5107. 

d 

527.  The  determination  of  the  relative  speed  of  cables  by  the 
number  of  words  per  minute  which  can  be  sent  by  hand  is  very 
unsatisfactory,  because  so  much  depends  upon  the  individual 
skill  of  the  operator  and  the  perfection  of  the  apparatus. 

It  has  therefore  been  proposed  to  use  an  automatic  trans- 
mitter to  produce  the  signals,  or  to  calculate  the  speed  of  a  wave 
by  mechanical  means.  For  the  latter  purpose  Siemens  uses  a 
vnppe,  and  Varley  a  rotating  commutator.  In  the  latter,  two 
brass  discs  A  and  B  are  placed  upon  the  same  axis,  but  are  insu- 
lated from  it.  Each  disc  is  also  divided  into  two  insulated 
halves,  the  divisions  being  exactly  in  the  same  line.  The  halves 
of  A  are  connected  to  the  two  poles  of  a  battery,  the  halves  of  B  to 
the  two  terminals  of  a  galvanometer,  wound  with  a  thick  wire, 
and  having  somewhat  heavy  astatic  needles  delicately  sus- 
pended. Contact  springs  are  fixed,  on  opposite  sides  of  each 
disc,  pressing  upon  its  edge ;  those  on  one  side  each  disc  are 
connected  to  earth,  those  on  the  other  to  the  two  ends  of  the 
cable.  Thus  when  the  discs  are  made  to  revolve,  A  sends  alter- 
nately positive  and  negative  currents  into  the  cable,  while  B  re- 
verses the  connections  of  the  galvanometer  at  the  distant  end 
(b)  of  the  cable  at  the  same  instant  the  current  Ls  reversed  at  a. 
This  being  so,  if  a  short  wire  is  used  to  connect  A  and  B,  the 
speed  of  the  current  will  be  infinite,  and  the  needle  will  be  de- 


^  Electrical  Tablefl  and  Formulae 

z  2 
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fleeted  uniformly  to  the  same  side,  because  the  force  acts  always 
in  the  same  direction.  But  if  a  condenser  or  cable  be  placed 
between  A  and  B  (the  current  will  be  retarded,  and  will  occupy 
a  sensible  time  in  passing  through  the  cable  from  A  to  b),  it  will 
not  be  reversed  at  the  receiving  end,  b,  at  the  same  moment 
that  it  is  reversed  at  the  sending  end,  a,  so  that  more  current 
will  flow  through  the  galvanometer  in  one  direction  than  in  the 
other,  and  the  needle  being  acted  on  by  two  opposite  but  un- 
equal forces,  will  take  up  a  smaller  angle  of  deflection,  obeying 
the  greater  of  the  two. 

But  by  increasing  the  speed  of  the  machine  until  the  wave 
is  bisected — that  is,  until  the  galvanometer  connections  are 
reversed  at  the  moment  the  received  current  has  attained  half 
its  duration — the  galvanometer  will  receive,  after  it  is  reversed, 
a  current  equal  in  strength  to,  and  of  the  same  name  as,  that 
which  parsed  through  it  btfove  it  .was  reversed,  but  it  will  pass 
in  the  opposite  direction^  so  that  the  needle  being  acted  on 
equally  in  both  dii*ections,  will  remain  steady. 

The  longer  the  wave  the  greater  the  retardation,  and  conse- 
quently the  slower  the  rate  of  rotation  to  measure  it. 

The  law  of  the  squares  (461)  can  easily  be  verified  by  this 
apparatus. 

528.  Difference  in  speed  between  a  coiled  and  a  straight  cable, — 
It  has  been  thought  that  the  induction  of  one  coil  upon  another 
retards  transmission  through  a  coiled  cable.  To  prove  if 
this  be  so,  experiments  were  made  during  the  manufacture  of 
the  Dublin  cable  in  1870.  The  highest  speed  at  which  perfect 
Morse  signals  could  be  produced  with  the  Wheatstone  automatic 
apparatus,  was  ascertained  while  the  cable  was  coiled  in  water 
in  the  tanks,  and  was  found  to  be  45*8  words  per  minute  through 
62  knots.  After  the  cable  had  been  laid,  a  similar  experiment 
was  made  by  the  same  observers,  and  with  the  same  apparatus, 
ITie  speed  was  increased  to  50"3  words  through  57*9  knots,  when 
the  cable  was  straight  instead  of  being  coiled.  It  was  also  ascer- 
tained that  with  this  apparatus,  speed  varied  sensibly  as  the 
length  and  not  as  the  square  of  the  length  of  the  cable ;  defining 
speed  as  the  number  of  perfect  Morse  signals  which  it  was  pos- 
sible to  obtain  in  a  given  time. 
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529.  Extra  c?/?re7i<.— ^The  influeuce  of  the  extra  current  from 
a  Goil,  and  more  particularly  from  a  coil  containing  iron,  as  an 
electro-magnet,  in  retarding  and  mutilating  telegraph  signals, 
should  be  particularly  taken  into  account  in  telegraphic  arrange- 
ments. The  disturbing  effect  of  electro-magnets  is  more  par- 
ticularly evident  when  they  are  introduced  in  the  circuit  at  or 
near  the  sending  end  of  a  submarine  cable,  on  account  of  the 
comparatively  large  amount  of  current  required  for  the  first 
portion  of  each  signal ;  the  effect  is,  to  shorten  a  dot  considerably, 
or  to  entirely  prevent  its  transmission,  for  until  the  iroti  has  be- 
come magnetized  no  signal  will  be  sent.  The  effect  on  a  longer 
signal  than  a  dot  will  be  to  shorten  it,  but  to  a  less  extent*  When 
a  dash  or  several  dots  in  succession  are  sent  through  the  coils, 
the  iron  retaining  a  portion  of  its  magnetism  after  each  break, 
will  have  a  different  effect  on  each  succeeding  current,  so  that 
compensation  is  almost  impossible,  and  the  signals  at  the  receiv- 
ing station  will  exhibit  the  greatest  irregularity.  Any  cause 
tending  to  alter  the  magnetic  condition  of  the  iron  will  cause  a 
corresponding  variation  in  its  disturbing  influence  upon  signals, 
so  that  an  armature  placed  before  the  poles  of  an  electro-magnet, 
or  arranged  to  be  attracted  by  it,  as  in  a  relay,  will  increase  the 
interfering  effect ;  and  the  amount  of  this  interference  will  vary 
with  the  distance  of  the  armature,  the  maximum  disturbing 
influence  being  produced  when  the  armature  is  in  contact  with 
the  cores,  and  diminishing  rapidly  according  to  the  distance  to 
which  it  is  removed  from  them.  The  greater  the  mass  of  iron 
in  the  cores,  the  heavier  the  armature,  and  the  more  sluggishly 
it  moves  towards  the  electro-magnet,  the  greater  the  effect  upon 
the  signals. 

A  polarized  relay,  such  as  Siemens',  has  less  effect  than  an 
ordinary  electro-magnet,  because  the  variation  of  magnetism  is 
less  and  the  extra  current  feebler.  The  less  the  resistance  of  the 
wire  surrounding  the  iron  or  the  shorter  the  coils  of  a  galvano- 
meter, the  smaller  the  disturbing  effect.    A  galvanometer  of 
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many  turns  has  a  sensible  effect  if  introduced  at  the  sending 
end  of  a  circuit,  while  a  Morse  wound  with  No.  30  wire,  and  of 
comparatively  few  turns,  has  but  a  slight  effect  Probably  if 
the  coils  were  shunted  so  as  to  afford  a  path  for  the  extra 
currents,  the  disturbing  effect  would  be  lessened. 

Several  Morse  instruments  introduced  into  the  same  circuit 
will  interfere  to  some  extent  with  each  other,  independently 
of  any  retardation  consequent  upon  the  length  or  other  con- 
ditions of  the  conductor,  and  the  armatures  will  not  be  attracted 
at  the  same  instant.  This  effect  is  felt  even  on  a  suspended 
wira 

630.  Difference  in  effect  of  +  and  —  cv/rreTvta  on  inaviation. — 
When  the  insulation  of  a  cable  is  defective,  better  signals  can  be 
obtained  when  working  with  a  positive  than  with  a  negative 
current,  as  it  appears  to  seal  up  the  fault.  But  it  slowly,  but 
surely,  eats  away  the  conductor,  and  in  time  causes  it  to  fail 
suddenly.  On  the  other  hand,  a  negative  current  tends  to  pre- 
serve the  conductor,  and  although  signals  will  not  be  so  good, 
the  cable  will  remain  unharmed. 

* 

531.  Note  on  the  Atlantic  cables. — Earth  currents  are  perfectly 
prevented  when  condensers  are  placed  at  both  ends  of  a  cable, 
and  when  two  cables  are  looped  so  as  to  form  a  metallic  circuit 
insulated  from  earth. 

When  a  condenser  is  used  at  the  receiving  end  only,  the 
earth  current  affects  the  mirror  if  the  key  switch  is  turned 
quickly,  but  this  can  be  prevented  by  shunting  the  condenser. 

The  single  cable  with  two  or  even  with  one  condenser  is 
more  rapid  than  the  two  cables  looped,  for  the  second  cable 
discharges  itself  more  slowly  than  a  condenser,  because  of  its 
resistance. 

582.  Note  on  speed  in  buried  wires. — (a.)  When  two  were 
looped  so  as  to  be  perfectly  insulated  from  earth,  speed  was  60. 

(6.)  When  two  were  looped,  one  pole  of  battery  to  eacth  at 
sending  station,  the  other  wire  to  earth  at  the  same  station, 
and  the  instrument  insulated  at  the  receiving  station,  speed 
was  80. 

(c.)  With  a  single  wire  worked  in  the  ordinary  way,  a  speed 
higher  than  80  was  obtained. 
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(d.)  No  incre£ise  in  speed  was  obtained  by  doubling  the  con- 
ductivity in  (a)  or  (6)  by  using  two  wires  instead  of  one ;  and 

(e.)  When  fourteen  wires  were  connected  side  by  side  at  both 
stations,  and  worked  in  the  ordinary  way,  as  in  (c),  speed  was 
less  than  with  a  single  wire,  because  capacity  was  increased  in 
a  higher  ratio  than  conductivity. 

533.  Application  of  the  principle  of  compound  interest  to  cal^ 
culations  of  the  relation  of  temperature  to  resistance. — If  the 
resistance  of  a  metallic  wire  be  increased  at  a  certain  rate  per 
cent,  by  a  rise  of  one  degree  of  temperature,  it  will  be  increased 
by  the  next  degree  of  rise  at  the  same  rate  per  cent,  calculated 
upon  the  n^w  resistance,  not  upon  the  original  resistance.  Thus 
if  the  original  resistance  at  the  commencement  of  the  experi- 
ment represent  the  principal ;  the  rate  of  increase,  the  rate  of 
interest ;  and  the  new  resistance  after  the  temperature  has 
been  raised  one  degree,  the  amount  or  sum  of  principal  and 
interest  after  the  first  year ;  the  increase  due  to  the  elevation  of 
temperature  a  second  degree  will  be  equivalent  to  the  interest 
for  one  year  on  the  new  principal,  and  so  on.  Conversely,  the 
diminution  of  resistance  in  a  wire  caused  by  a  fall  of  tem- 
perature, and  the  increased  leakage  (diminution  of  resistance) 
of  the  insulator  of  a  core  caused  by  a  rise  of  temperature,  obey 
the  law  of  discount  in  money. 

This  law  enables  us  to  construct  tables  for  the  reduction 
of  readings  of  resistance  or  insulation  to  the  standard  of  75 
degrees,  and  for  the  calculation  of  the  reading  at  any  tempe- 
rature from  a  test  made  at  any  other. 

To  construct  a  table  for  copper  (Table  XIII.),  first  find  by. 
trial  the  resistance  of  a  coil  of  known  length  and  diameter,  at 
two  temperatures,  as  widely  apart  as  possible. 

Let  B  be  the  resistance  at  the  higher  temperature, 
r  that  at  the  lower  temperature, 
n  the  difference  in  degrees  between  the  two, 

and  p  one  unit  of  resistance  (one  ohm),  plus  the  increase  of 
resistance  due  to  a  rise  of  one  degree  Fahi*euheit ;  that  is  to  say, 
the  sum  or  amount  of  principal  and  interest  for  one  year. 

Then  (l)log.  ??  =  -—      -    -  °    . 
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From  this  the  resistance  /  at  any  other  higher  temperature 
may  be  found  by 

(2)  log.  r'  =  log.  r  +  7i'  (log.  p) 

where  n'  is  the  difference  in  degrees  between  r  and  /,  or 
between  the  lower  of  the  two  former  temperatures  and  that 
whose  corresponding  resistance  is  sought.  For  example,  having 
found  by  experiment  that  the  resistance  of  a  knot  of  pure 
copper  wire  is 

1091-22  ohms  at  32°  Fahrenheit 


1156-03        „       60° 

we  require  to  find  its  resistance  at  the  standard  temperature,  75° 
Fahrenheit. 

Here  J2  =  1156-03 
r  =  1091-22 
71  =  28°  • 

and  we  have  by  (1) 

log.  115603  ^  log.  1091-22       ^^.^q.^      , 

-^ og      =  -0008950  =  log.  p. 

Again,  as  w'  =  75  -  32  =  43°,  by  (2) 

log.  /  =  log.  1091-22  +  43°  (-0008950)  =  log.  119233. 
1192*33  ohms  is  therefore  the  resistance  at  75°  Fahrenheit. 

To  form  a  table  of  the  resistance  of  the  wire  for  each  degree, 
log.  p  is  determined  by  (i).  Then  taking  log.  r  as  the  log.  of 
the  resistance  at  the  lowest  temperature,  log.  r  +  log.  p  =  the 
log.  of  the  resistance  at  the  first  degree  of  increased  tem- 
perature, and  again  by  adding  log.  p  to  the  log.  of  this  new 
resistance^  we  obtain  the  log.  of  the  resistance  at  the  second 
degree,  and  so  on.  From  the  table,  when  formed,  the  resistance 
of  any  coil  may  be  found  by  proportion. 

But  it  will  be  found  by  an  inspection  of  formula  2,  that  the 
log.  of  the  difference  in  resistance  at  any  two  temperatures  is 
always  log.  p  multiplied  by  the  difference  of  temperature,  or  that 
if  we  want  the  resistance  {r)  due  to  a  rise  of  10°  we  may  say — 

log.  /  =  10  log.  p  +  log.  r. 

Therefore,  if  we  multiply  log.  p  by  1,  2,  3,  4,  and  so  on,  we 
obtain  a  series  of  logs.,  the  numbers  corresponding  to  which 
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form  a  new  series  of  co-efiBcienta  by  which  the  resistance  of 
any  copper  wire  may  be  multiplied  to  find  its  new  resistance  at 
an  increase  in  temperature  of  1,  2,  3,  or  4  degrees,  and  their  re- 
ciprocals will  be  applicable  to  a  scale  of  decreasing  temperature. 
For  example,  the  resistance  at  32'*  was  found  to  be  1091*22, 

The  log.  of  which  is    .    .     .     30379124 
Log.  2?  is -0008950 

The  sum  is 3-0388074 

which  is  the  log.  of  1093*47,  the  resistance  at  33^  and  as  the 

log.  of 

The  resistance  at  33*' is    .     .    3*0388074 

By  adding  log.  ^      ....       -0008960 
We  obtain 30397024 

the  log.  of  1095-72,  the  resistance  at  34^ 

For  example,  the  resistance  of  our  coil  at  32**  is  1091*22,  and 
log.  p  is  000-8950.  The  co-efficient  for  28^  the  difference 
between  32°  and  60^  is  the  number  corresponding  to  28,  log.  p, 
or  1-0594,  and  therefore  109122  ...  10594  =  1156-03,  the 
resistance  at  60**. 

Again,  to  apply  the  co-efficient  to  the  determination  of  tempe- 
rature from  resistance,  we  know  that  when  the  resistance  of 
our  coil  is  1091-22  the  temperature  is  32°,  and  if  on  making  a 
second  test  we  find  the  resistance  is  115603,  and  desire  to 

1156'03 
know  the  temperature,  we  say  ^^q.  ^^  =  1*0594,  which,  on 

reference  to  the  table  of  co-efficients  (Table  XIII.),  we  find  oppo- 
site a  difference  in  temperature  of  28  degrees.  The  temperature 
is  therefore  32  +  28  =  60^     (Preece) 

534.  Application  of  the  principle  of  compound  interest  to  tlu 
calciUcUion  of  fall  of  charge. — The  law  explained  in  the  pre- 
ceding paragraph  governs  the  fall  of  potential  in  a  cable  when 
charged  and  left  insulated,  so  that  the  time  required  for  the 
charge  to  fall  to  one-half  or  any  other  fraction  may  be  obtained 
from  the  fall  observed  during  a  given  interval.  This  is  very 
convenient  when  testing  materials  of  high  insulating  powers, 
which  lose  their  charge  very  slowly. 
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535.  The  following  table,  supplied  by  Mr.  Latimer  Clark, 
shows  the  rate  of  fall  of  potentiid  in  the  Atlantic  cable  of  1866, 
when  charged  and  left  insulated. 

£LJCcrrBOMETK&  Test  of  1866  Atlantic  Cable,   taken  Septembeb  11th, 

1866—100  Cells  Negative. 


PeroAiitage  of 

1 

OlMerved  Tim«  of 

Percentnge  of 

Observed  Time  of 

Ohaive 
reniAiniog. 

FaUintf. 

Coarge 
remaining. 

Falling. 

i 

1 
min.  Bee 

' 

1 

min.  sec. 

100 

0       0                , 

78 

25     19 

97 

2     62 

i            72 

26    23 

96 

8    29 

i         71 

27    17 

94 

4     67 

I            70 

28    31 

98 

6    39 

69 

29     45 

92 

•      6    21 

68 

31       6 

91 

7    10 

1            «7 

82    29 

i            90 

7    41 

66 

33     46 

89 

8     41 

65 

35     27 

88 

9    38 

;            64 

37      3 

87 

10    25 

:            63 

88    42 

86 

11     17 

'             62 

40    86 

85 

12    16 

;         ^1 

42       6 

84 

18    26 

!             60 

48    49 

88 

14     20 

69 

45     45 

82 

16    81 

68 

47     45 

81 

16    29 

67 

50     10 

80 

17    26 

66 

52       0 

79 

18    28 

65 

64    18 

78 

19    82 

;         5* 

66    20 

77 

20    87 

63 

68    11 

76 

21     86 

62 

60    60 

76 

22    48 

61 

63    21 

74 

28    66 

50 

66    41 

4 

The  observations  were  made  in  the  following  manner : — ^A 
rheostat,  consisting  of  100  coils,  each  of  1,000  ohms'  resist- 
ance, connects  the  poles  of  a  battery  of  150  cells,  the  copper  of 
which  is  put  to  earth.  The  potential  in  these  coils  will  be 
negative,  rising  from  the  end  connected  to  the  zinc  to  zero  at 
the  opposite  extremity.  A  wire  is  arranged  to  slide  from  end 
to  end  of  the  rheostat,  so  as  to  take  up  the  potential  of  the 
point  at  which  it  may  be  placed.  The  cable  is  first  charged  by 
connecting  it  to  the  zinc  of  the  battery ;  it  is  then  removed  and 
placed  in  contact  with  one  side  of  a  Thomson  electrometer;  the 
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wire  is  connected  to  the  opposite  side  of  the  electrometer,  and 
made  to  slide  from  point  to  point  along  the  rheostat  until  it 
balances  the  declining  potential  of  the  cable,  when  its  position 
on  the  slide  shows  the  charge  remaining  in  the  cable. 

From  this  table  it  will  be  seen  that  whatever  percentage  of 
the  charge  escapes  during  the  first  minute,  the  same  percentage 
of  the  charge,  t?ien  reinainiTig  in  the  cablp,  will  escape  during 
the  second  minute,  and  so  on ;  and  the  charges,  if  plotted  out 
as  ordinates  and  abscissae,  form  a  logarithmic  curve. 

536.  The  simplest  way  to  show  the  mathematical  law  of  the 
fiedl  of  charge  from  full  to  half  tension  is  to  consider  it  in 
reverse  order,  that  is,  to  calculate  the  time  it  wiU  take  to  dovhU 
a  charge  accumulating  at  a  regular  known  increment.  This  is 
simply  an  application  of  the  principle  of  compound  interest. 

Thus,  if  C  be  the  charge  upon  a  cable,  increasing  by  the 
compound  ratio  r,  it  is  required  to  know  the  time  that  C  will 
take  to  become  2  a  It  is  evident  by  the  common  rule  of 
compound  interest  that  at, the  end  of  the  first  unit  of  time, 
C  will  become  C  +  C7r  =  C  (1  +  r),  in  the  second  unit  of 
time  =  c  (1  +  r)*,  and  in  n  units  of  time  =  a  (1  +  r)". 
But  a  (1  +  r)*  =  2  a, 

therefore  (1  +  r)*  =  2, 

which  when  r  is  known,  will  give  us  the  units  of  time  t  that 
any  cable  will  take  to  rise  from  half  to  full  charge,  and,  vic€ 
versd,  to  fall  from  full  to  half  charge. 

We  find  from  Clark's  table  that  in  the  case  of  the  Atlantic 

3 
cable,  r  was   3  per  cent.  =  =-j^  =  '03,  in  the  unit  of  time 

2*87  minutes. 

Therefore  1  -f  r  =  103 

and  103"=  2 

therefore  n  log.  1-03  =  log.  2. 

•301  OQ  1  K  1 

^  =  -013  =  231V 

^  '801  is  the  log.  of  2,  and  is  therefore  used  in  calculating  the  fall  to  half- 
charge.  If  any  other  fraction  of  the  charge  be  required,  the  log.  corresponding 
to  that  fraction  is  used  instead  of  the  log.  of  2. 

'018  is  the  approximate  log.  of  1*08. 
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which  multiplied  by  the  unit  of  time,  2*87  minutes,  gives 
23-15  X  2-87  =  66-44,  or  66  minutes  26  seconds, 

Clark's  observation  gave  the  actual  time  as  66  min.  41  sec. 

The  formula  is  moi-e  simply  given  thus : — 

'301 
^^""log.a  +  r) 
where  r  =  percentage  of  fall  in  n  units  of  time  t,  t  may  be 
omitted  if  we  make  the  unit  of  time  one  minute.     The  observa- 
tion will  not  be  so  correct  if  a  larger  unit  of  time  be  taken. 

Having,  therefore,  charged  a  cable  and  read  the  electrometer, 
it  is  only  necessary  to  allow  it  to  leak  one  minute>  take  a 
second  reading,  and  then  by  comparing  the  difference  of  charge, 
to  obtain  the  percentage  of  fall  in  the  unit  of  time,  and  by 
means  of  the  above  formula  to  calculate  the  time  it  would  take 
to  fall  to  half-charge.     (Preece.) 

537.  ITie  law  of  Shunts, — ^It  has  been  shown  in  par.  242,  that 
a  current  divides  between  two  conductors  in  inverse  proportion 
to  their  resistances.    A  shunt  ia  a«resistance  placed  across  the 


8HUNT 


Fio.  129. 


two  terminals  of  a  galvanometer  or  electro-magnet  to  reduce  its 
sensibility,  by  diverting  a  portion  of  the  current  passing  through 
its  coUs  (Fig.  113).  If  the  shunt  be  exactly  equal  in  resistance 
to  the  galvanometer,  the  current  will  divide  equally,  and  the 
deflection  will  be  exactly  one-half  of  what  it'  was  without  the 
addition  of  the  shunt.  If  the  shunt  be  one-half  the  resistance 
of  the  galvanometer,  two  parts  will  flow  through  the  former  and 
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one  through  the  latter;  the  deflection  will  then  be  one- third 
and  must  be  multiplied  by  three,  to  compare  it  with  the  deflec- 
tion given  by  a  wire  tested  without  the  shunt,  and  so  on. 

Let  e  be  the  whole  force  of  the  current,  c'  the  portion  of  the 
current  which  passes  through  the  galvanometer.  Then  e  -^  e' 
will  be  the  portion  passing  through  the  shunt. 

Let  g  and  a  be  the  respective  resistances  of  the  galvanometer 
and  shunt,  then 


Fig.  130. 


g  :  8  :  :  e  —  e'  :  ^ 

Cf  8  8 

whence  -  «  -  +  1  =  ,   being    the    proportion   of   the 

eg  g  +  8'  ^  ^    ^ 

battery  current  passing  through  the  galvanometer,  the  reci- 
procal of  which, ,  or  -  +  1,  is  the  factor  by  which  the 

indications  of  the  shunted  galvanometer  must  be  multiplied,  to 
render  them  equal  to  the  indications  of  the  same  galvanometer 
without  the  shunt. 

The  rule  for  ascertaining  the  resistance  of  a  shunt  intended 
to  reduce  the  sensibility  of  a  galvanometer  to  any  required 
fractional  part  n  is 

9 


8     =5 


n  -  1 


as  will  at  once  be  evident  from  an  inspection  of  the  following 
table  of  the  shunts  most  often  required. 
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TABLE. 


Amount  to  which  the 

deflection  is  to  be 

reduced. 


To     4 

i 

i 

nnrcr 


Resistance  of  shunt 
required. 


Equal  to  galvanometer. 
J  of  galiranometer. 


>f 


»♦ 


TV         »» 

vhv       i» 


»• 


»» 


f  » 


»> 


Resistance  of  compensating 
wire. 


Half  of  galvanometer. 
i  of  galvanometer. 


t 

9» 
iTTff 


999 


ft 


f» 


»f 


»» 


t» 


f» 


t» 


»f 


588.  To  find  the  resistance  of  a  battery : — 

(1.)  When  the  entire  resistance  of  a  circuit,  including  a  gal- 
vanometer, is  dovhled,  the  deflection,  which  is  proportional  to 
the  tension  of  the  battery  divided  by  the  resistance  of  the  cir- 
cuit, will  be  halved.  Connect  a  sine  or  a  tangent  galvanometer 
of  known  resistance  on  short  circuit  with  the  battery  to  be 
measured.  Eeduce  the  sensitiveness  of  the  galvanometer,  if 
necessary,  by  a  shunt,  and  note  the  sine  or  tangent  of  the 
deflection.  Add  extra  resistance  until  the  sine  or  tangent  of 
the  deflection  is  exactly  halved,  showing  that  the  total  resis- 
tance of  the  circuit  has  been  doubled.  Deduct  the  resistance 
of  the  galvanometer  and  connections  (allowing  for  the  shunt) 
from  the  extra  resistance  added,  the  remainder  will  be  the 
resistance  of  the  battery. 

For  instance,  if  the  galvanometer  and  connections  have  a 
resistance  of  50  ohms,  and  the  addition  of  70  ohms  be  required 
to  halve  the  sine  or  tangent  of  the  deflection,  the  battery 
resistance  will  be  20  ohms. 

(2.)  Place  the  battery  in  circuit  with  a  galvanometer  whose 
resistance,  g,  is  known,  and  a  set  of  resistance  coils ;  adjust  the 
coils  till  a  suitable  deflection  is  obtained.  Let  this  resistance 
be  R. 

Then  shunt  the  battery  by  a  wire  whose  resistance  is  s,  and 
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decrease  the  resistance  R  until  the  deflection  is  the  same  as 
before.     Call  this  new  resistance  r,  then 

Battery  resistance  =  S 

^  9  -^r 

(3.)  Make  the  battery  the  arm  B  of  the  Wheatstone  bridge, 
let  the  arms  c  and  D  be  fixed  resistances  and  A  the  variable 
.resistance ;  connect  the  points  where  A  and  c  and  B  and  D  join 
by  a  thick  wire  including  a  key  by  which  the  connection  may 
be  made  and  broken,  and  let  the  galvanometer  occupy  its 
ordinary  position. 

Adjust  the  resistance  in  A  until  the  making  and  breaking 
contact  by  the  key  does  not  alter  the  deflection  of  the  needle ; 

then  the  battery  resistance  =  — . 

This  method  is  not  affected  by  variations  in  the  force  of  the 
battery,  and  is  therefore  the  most  accurate. 

539.  To  find  the  resistance  of  a  galvanometer,  without  the  aid 
of  a  second  instrument. — (1!)  Place  it  in  circuit  with  a  set  of 
resistance  coils  and  shunt  the  galvanometer  so  as  to  obtain  a 
suitable  deflection.  Next  alter  the  shunt  and  adjust  the  resis- 
tance coils  till  the  deflection  is  the  same  as  before. 

Let  R  and  r,  8  and  s,  be  the  respective  resistances  of  the  coils 

and  of  the  shunt  in  the   two   operations,  then   galvanometer 

(R-r)  S  s 

resistance  =  ^^^ . 

tt  s  —  r  s 

(2.)  Exchange  the  places  of  the  battery  and  galvanometer  in 

battery  resistance  test  (3). 

540.  To  coTfrvpare  E,  the  electromotive  force  of  batteries : — 

(1.)  Connect  the  battery  with  a  galvanometer,  and  introduce 
resistance  until  a  deflection,  say  of  30**,  is  obtained.  Intro- 
duce more  resistance  until  the  deflection  is  reduced  to  25**, 
noting  the  length  of  wire  required  to  produce  the  diminu- 
tion of  5°. 

The  greater  the  electromotive  force,  the  greater  will  be  the 
resistance  required  to  effect  the  diminution  of  5^,  and  the  com- 
parative forces  of  batteries  may  be  expressed  by  the  number  of 
units  of  resistance  employed.  {De  la  Rive,  "  Treatise  on  Elec- 
tricity," vol.  ii.  p.  788.) 
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(2.)  An  approximate  measurement  may  be  obtained  by 
placing  a  few  cells,  twelve  or  less,  in  circuit  with  a  tangent  or 
sine  galvanometer,  introducing  so  much  resistance,  10,000  units 
or  more,  that  the  resistance  of  the  batteries  to  be  compared 
may  be  neglected.  The  sines  or  tangents  of  the  deflections 
obtained  will  then  express  the  relative  electromotive  forces. 
This  method,  however,  is  inferior  to  the  former,  as  it  does  not 
admit  of  the  reduction  of  the  measurements  to  a  fixed  standard, 
or  of  the  accurate  comparison  of  measurements  taken  at  different 
times. 

(3.)  A  condenser  may  be  charged  from  each  battery  and 
discharged  through  a  galvanometer,  as  in  taking  a  capacity  test. 
The  electromotive  forces  will  be  directly  as  the  deflections 
observed. 

541.  Formula  for  the  effective  current  on  a  wire  having  two 
faults,  partial  earth,  or  contact  (234) : — 

Let  JB  be  the  electromotive  force  of  the  battery ; 

E  the  resistance  of  the  wire  from  the  battery  to  the  first 
fault; 

/  that  of  the  line  wire  between  the  faults ; 

r"  that  of  the  wire  from  the  second  fault  to  the  distant 
station,  including  the  apparatus ; 

L  the  total  circuit  (it  +  r'  +  r") ; 

/'  the  first  fault ; 

/"  the  second  fault; 
The  effective  current 


i2/'(j2  +  0-| 

.rV(^  +  0 

+  Ji 

/  r"  +  L 

//' 

Or 

in  the  case  given 

in  par.  227,  p. 

1000  X  20  X  20 

130, 

E  being 

1000, 

60  X 

80  (20  +  80)  +  dO  X  M 

(60  +  20)  +  60  X  20 

X  SO  +  100  X  20 

X  10~ 

542.  On  the  graphical  solution  of  problems  based  on  Ohm's  laws. 
— Since  a  current  of  electricity  depends  only  on  resistance  and 
electromotive  force,  and  varies  with  these  two  quantities  in  simple 

proportion,  the  one  inversely  and  the  other  directly  (c  =  -),  we 
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have  ft  very  coDvenient  method  of  repreaeutiiig  graphically,  by 
meaus  of  geometrical  figuies,  the  relations  that  exist  between 
them. 

If  we  measure  resistances  along  a  horizontal  line,  and  electro- 
motive force  or  potential  along  a  vertical  line  cut  off  between 
the  point  where  it  touches  the  circle  of  vhich  one  Jeg  is  the 
radius  or  base,  and  the  other  the  hypothenuse  of  the  right- 
angled  triangle  of  which  it  forms  the  perpeDdicular. 

Thus  - —  (Fig.  1?1)  is  the  numerical,  and  the  line  A  B  the 

geometrical  tangent  of  the  angle  A  C  B  when  A  0  is  radius. 


Let  A  c  represent  a  resistance  of  120  ohms,  and  A  B  an 
electro-motive  force  of  24  cells,  then  a  line  sy  at  any  point  of 
A  C  will  represent  the  potential  at  that  point    And  since  the 

ratios  — ,  -—,  and  therefore  the  angle  A  c  B,  are  everywhere 

the  same,  we  see  that  the  current  is  the  same  at  every  point  of 
its  path  at  any  given  moment. 

Let  A  c  (Fig.  132)  represent  die  internal  resistance  of  one  cell, 
c  D  the  external  resistance  of  the  circuit,  A  B  the  electromotive 
force  of  one  cell ;  then  the  tangent  of  the  angle  B  D  A  represents 
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tbe  curreDt  Add  another  cell,  E  c  will  be  the  resistance  and 
E  G  the  electromotive  force  of  the  two  tc^ther,  and  the  tan* 
gent  of  the  angle  E  u  G  will  give  us  the  current.  Similarly, 
F  c,  I  c,  give  the  resistances,  and  F  h,  i  k,  the  electromotive  forces, 
of  three  and  four  cells ;  the  tangents  of  the  angles  F  D  e,  I  D  E, 
lEFHRGAB 
I  D'  F  D'  E  D'  A  D 
rical  tangents  in  eftch  case ;  and  if  we  take  any  length  D  x  aa 
radius  and  describe  the  arc  x  x',  drawing  the  line  x  y  perpendicular 


to  X  T),  then  X  h,  X  g,  X  h,  X  k  will  be  the  geometrical  tangents, 
the  ratios  and  the  lines  giving,  in  each  case,  the  relative 
strengths  of  the  currents  from  the  different  combinations.  In  ' 
this  way  we  see  that  as  we  increase  the  electromotive  force,  so 
we  increase  the  current  when  the  external  resistance  is  con- 
siderabla 

Let  now  the  external  resistance  be  nothing;  then  the  angle 
ACS  will  give  us  the  current  from  one  cell,  EDO  from  two  cells, 
F  0  n  from  three  cells,  and  I  c  R  from  fourcells,  all  these  angles 
being  the  same.  Thus  as  we  add  cells  we  do  not  disturb  the 
angle  r  c  B,  which  shows  that  the  circuit  from  any  number  of 
cells  on  short  circuit  is  the  same  as  that  from  a  single  cell. 


f9  yt 
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Thus  taking  the  case  of  A  (par.  87),  the  diagram  Fig.  131  gives 
precisely  the  same  result  as  is  there  worked  out  numerically. 
Case  B  can  similarly  be  solved  by  Fig.  132.  Here  L  =  c  D,  and 
E  =  I  K,  and  R  =  I  c.  If  the  lines  xk,xg,xh,  be  measured,  they 
will  be  found  to  be  in  the  proportion  10  :  "6  :  '4.  In  the  same 
way,  all  the  cases  given  in  the  subsequent  paragraphs  can  easily 
be  represented  and  solved  graphically.     (Preece.) 

543.  Memoranda: — 

Eatio  between  circumference  and  diameter  of  a  circle .     .  3*1416 

Batio  between  area  and  diameter  of  a  circle '785 

Specific  gravity  of  pure  copper  {Miller)    .     .     .     8*921  to  8*952 

cable  copper  ( W.  Smith) 8*899 

iron  {Miller) 7*884 

percha  {Clarke) 0*981 

544  Weight  of  Cahle  Cores, — The  following  empirical  data  may 

be  found  sometimes  useful  for  calculating  the  approximate 

weight  of  cores.     64  circular  mils  (thousandths  of  an  inch)  in 

sectional  area  of  copper,  69  circ.  mils  of  copper  strand,  63  circ. 

mils  of  iron,  481  circ.  mils  of  gutta-percha,  or  401  circ.  mils 

d^ 
of  Hooper's  material,  weigh  one  pound  per  knot     Hence  — r 

04: 

gives  the  weight  per  knot  of  any  solid  copper  conductor,  and 
—  df  any  copper  strand ;  and  similarly,  —  gives  the  weight 

D^  "  d^ 
of  Hooper's  material,  and      ^^^      the  weight  of  gutta-percha 

481 
in  any  core ;  vt^aq  gives  the  weight  of  iron  in  cwts.  per  knot 

(including  lay)  for  any  cable  of  n  wires.     {Clark) 

545.  The  Moi'se  Alphabet — The  following  system  may  be  useful 
in  learning  the  signals  of  the  Morse  and  needle  instruments : — 

The  Morse  alphabet  is  formed  by  dots  and  dashes:  in  the 
needle  alphabet  the  dot  is  represented  by  a  movement  to  the  left, 
the  dash  by  a  movement  to  the  right. 

The  letters  whose  signals  consist  of  dots  or  dashes  only,  are 
grouped  together  and  represented  by  a  sentence. 

Each  letter,  consisting  of  dots  and  dashes  combined,  is  repre- 

A  A  2 
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sented  by  a  word  or  sentence  commencing  with  the  letter  itself, 
and  made  np  of  long  and  short  syllables  corresponding  with  the 
dots  and  dashes  of  the  signal  representing  it    Thns,  the  letter 

D one  long  and  two  short,  may  be  represented  by  the 

word  DoniXoIe. 

THE  MORSE  CODE. 


(1.) 

Dots. 

•  ..      E-        I--        S  —  -        H 

Earwigs    infest       summer      houses. 

(2.) 

Dashes.    T         M            0                 CH 

Turnips    make            oxen            cheerfvi. 

(3.) 

Dots  and  dashes. 

A Slarm 

B beautlfiiUj^ 

C circumstantial 

D      doniTnle 

F fllYbfiBter 

G    -r* glassgrinder 

J  - « j&pan  varnish 

K kiss  me  quick 

L -     legitimate 

N nimble 

V    — -  ~.  -  prSnounce  plainly 

Q quick,  quench  the  fire 

R      receiver 

U iinattached 

V     -  -  -         vanity  fair 

W    ^  — ^>-   we  15ve  play 

X    — excellent  beer 

Y you  alarm  all 

Z zinc  battery. 

• 

Numerals. 

1  - 

2  - 

3  - 

7           

8 

%9     ^ 

4  - 

5  - 

9 

\ 
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Marks  of  Puiiduation,  &c. 

Full  stop (.)     

j[  Note  of  luterrogation  \ 

i             orEepeat  .    .]   ^'' 
Hyphen 

(  Parenthesis  .  .  . 
t  P  P  on  the  Needle 

f  Inverted  CoDiraas  . 
t  C  C  on  the  Needle 
Underline    .... 

r  Begin  another  Line 
t  G  Q  on  the  Needle 
Bar  of  division      .    . 

"DQ"  must  always  be  signalled 

and  never .  « . 


(-) 


• 

} 


iW)- 


Miscellaneoua  Sigriah. 

Understand  Message . 
Correction  or  rub  out 

j  End  of  Message 

(  P  Q  on  the  Needle 

/Wait    ..... 

(  M  Q  on  the  Needle 
Cleared  out  and  all  right 


}— 


or 


546.  The  Voltameter. — ^When  two  wires,  connected  with  a 
battery,  are  placed  a  short  distance  apart  in  water  containing  a 
few  drops  of  sulphuric  acid,  the  water  is  decomposed^  If  the 
wires  are  terminated  by  small  platinum  plates/  the  oxygen  and 
hydrogen  will  rise  in  bubbles  through  the  water;  and  as  the 
amount  of  decomposition,  and  therefore  the  volume  of  gas  pro- 
luced,  depends  upon  the  quantity  of  electricity  passing  in  a 

^  It  !fl  necessary  to  use  platinum,  as  the  oxygen  combines  with  all  oxidated 
metaU. 


\ 
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given  time,  the  volume  of  gaa  collected  in  a  graduated  glass  tube 
in  one  minute  is  an  accurate  measure  of  the  strength  of  the 
current 


547.  Prtservation  of  Timber. — The  only  effectual  methods  of 
preserving  timber  are  the  chemical  processes,  and  as  the  price  of 
larch  has  nearly  doubled  within  the  last  few  year?,  it  has  risen 
BO  nearly  to  the  cost  of  chemically  prepared  inferior  timber,  such 
as  Scotch  fir  and  Baltic  poles,  that  the  chemical  method  has 
come  largely  into  use. 

If  we  can  expel  the  fermentable  sap  from  the  tree,  or  by 
means  of  an  antiseptic  prevent  its  deeomposition,  we  shall  pre- 
vent the  ulterior  alteration  of  the  woody  fibre  itself. 

(I.)  Kyanisiog,  or  steeping  the  timber  in  a  solution  of  bi- 
(Moride  of  mercury  or  amrosive  subHmtUe,  has  not  been  exten- 
sively tried,  because  of  its  expense,  and  because  it  does  not 
succeed  nnless  the  timbei  is  dry.  The  poisonous  nature  of  the 
salt  is  a  very  serious  objection. 

(2.)  Chloride  of  Zinc  has  been  used  both  in  the  same  way  as 
mercury,  by  simple  immersion,  and  as  thft  coppei  is  Boucherie's 
process.     It  is  said  to  wash  out 

(3.)  The  following  process  was  tried  in  PVuasia,  but  without 
success.  Sulphate  of  iron  was  injected  into  the  wood,  and  the 
excess  over  and  above  that  which  entered  ipto  chemical  combi- 
nation vith  the  albumen  of  the  sap,  was  r^aoved  by  a  sub- 
sequent iojectioQ  of  chloride  of  barium.     Iron  seems  rather  to 
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destroy  than  to  preserve  wood;  it  is  certainly  destructive  to 
oak. 

Injection  with  chloride  of  calcium^  common  salt^  sulphate  of 
soda,  and  other  salts  has  been  tried  without  success. 

It  was  thought  that  if  holes  were  bored  2  or  3  feet  into  the 
pole  from  each  end,  fiUed  with  creosote  and  securely  closed,  the 
creosote  would  diffuse  itself,  and  thus  preserve  the  timber ;  this 
plan,  however,  has  failed.  Lateral  penetration  is  very  small^ 
especially  in  heartwood. 

648.  Boucheridng  (or  injection  with  sulphate  Of  copper)  and 
creomtmg  have  been  very  successful,  especially  the  latter. 

The  process  of  creosoting  is  too  well  known  to  tieed  descrip- 
tion. The  method  of  boucherising  may  be  described  as  follows : — 
A  cistern  is  placed  on  a  scaffold  some  twenty-four  feet  above  the 
ground ;  a  tube  leads  from  the  cistern  to  a  horizontal  pipe 
placed  about  a  foot  from  the  ground ;  fraat  this  latter  pipe  a 
series  of  flexible  tubes  branch  out,  each  having  a  wooden  disc  on 
its  end.  The  poles  to  be  injected  are  ladd  ost  a  low  trestle, 
parallel  and  perpendicular  to^  the  main  pipe,  each  butt  being 
opposite  a  tfexible  tube ;  a  thin  slice  is  sawn  off  the  btitt,  a  cir- 
cular indiarubber  ring  is  placed  along  the  edge,  the  disc  attached 
to  the  tube  is  placed  on  the  rii!)g,  and  screwed  tightly  against  it 
by  the  tenon  bolts.  This  plate  or  disc,  together  with  the  ring, 
forms  a  water-tight  chamber  for  the  reception  of  the  solution  of 
sulphate  of  copper,  eommitnicating  with  the  vertical  pressure^ 
pipe.  The  proportions  employed  in  making  the  solution  are — 
1  lb.  of  sulphate  of  copper  to  5  gallons  of  water.  It  is  usual  to 
inject  about  0-35  lb.  of  the  sulphate  into  evcty  cubic  foot  of 
timber;  this  gives  a  wei^t  of  &om  1^  lbs.  to  2  lbs.  of  the 
sulphate  for  the  smallest  pole. 

It  is  extremely  difficult  to  inject  larch  tinloss  it  is  of  very 
open  grain,  and  very  free  from  resin.  No  other  than  quickly 
grown,  soft  timber  is  really  suitable.  The  liquid  cannot  pene- 
trate the  heartwood,  and  it  has  sometimes  happened  in  boucher- 
ised  poles  that  the  heartwood,  which  is  more  durable  than  the 
sapwood  under  ordinary  circumstances,  has  rotted,  leaving  the 
sapwood  sound. 

Spruce  and  Scotch  fir  are  very  suitable,  and  the  value  of 
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the  system  is,  that  by  it  these  cheaper  descsriptious  of  fir  are 
rendered  more  durable  than  the  more  expensive  sorts  when 
unprepared. 

The  sulphate  of  copper  must  be  free  from  iron.  Sulphate  of 
iron  is  inert,  or  possibly  hurtful ;  besides  this,  the  iron  becomes 
oxidized  by  exposure  to  the  air  and  forms  a  muddy  deposit, 
which  chokes  the  fine  filter  formed  by  the  pores  at  the  end  of 
the  pole,  and  thus  stops  the  process. 

As  the  sulphate  always  contains  some  iron,  it  is  well  to  make 
a  saturated  solution  and  allow  it  to  remain  exposed  to  the  air  as 
long  as  possible,  so  that  the  iron  may  deposit  at  the  bottom  of 
the  vessel,  after  which  it  can  be  diluted  for  use.  The  crystals 
may  be  placed  in  a  wicker  basket  hung  at  the  surface  of  the 
water,  so  that  they  may  dissolve  readily. 

The  solution  should  be  diluted  till  it  contains  1  lb.  of  the 
salt  to  5  gallons  of  water.  If  it  be  too  strong,  it  appears  to 
contract  the  sap  vessels  and  to  crystallize  at  their  ends. 

The  water  must  be  free  from  lime  and  perfectly  clear.  If  it 
contains  lime,  it  is  as  well  to  add  a  little  sulphuric  acid  to  pre- 
cipitate it,  and  either  allow  it  time  to  settle  or  filter  the  water 
through  sand,  for  even  the  slightest  cloudiness  interferes  with 
the  injection. 

The  air  inust  be  carefully  expelled  from  the  chamber  formed 
at  the  butt  of  the  pole.  This  is  best  done  by  inserting  a  wire 
between  the  pole  and  the  packing  which  forms  the  side  of  the 
chamber.  After  the  tap  has  been  turned  to  admit  the  solution, 
the  wire  is  withdrawn  leaving  a  small  hole,  and  when  the  water 
spirts  out  freely,  showing  that  the  air  has  escaped,  this  hole  can 
be  closed  by  a  blow  from  a  hammer ;  neglect  of  this  precaution 
has  frequently  prevented  the  injection  of  the  upper  side  of  the 
entire  pole. 

As  the  sap  which  runs  from  the  trees  contains  copper,  it  is 
allowed  to  flow  into  a  reservoir,  to  be  used  instead  of  water  to 
form  fresh  solution.  The  copper  acts  as  an  antiseptic  on  the 
putrescible  substances  in  the  sap,  so  that  its  employment  is  not 
injurious. 

Although  it  is  quite  possible  to  inject  trees  which  have  been 
cut  two  or  three  w;eek8,  the  labour  will  be  much  more  costly 
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than  when  the  work  is  done  quickly,  because  the  pores  contract 
iu  drying.  It  is.  always  necessary  to  cut  a  thin  slice  from  the 
end  however  recently  the  tree  may  have  been  felled,  and  if  the 
injecting  is  not  rapidly  completed,  the  pores  close,  even  although 
they  are  well  wetted  by  the  solution,  and  howev'er  carefully  the 
water  has  been  filtered  they  become  choked  by  the  substances  held 
in  suspension  by  the  liqidd,  so  that  a  slice  has  to  be  removed 
from  time  to  time  to  expose  a  fresh  surface.  The  apparatus 
should  therefore  be  erected  in  the  forest  itself,  so  that  the 
trees  may  be  injected  the  day  they  are  felled.  They  must 
not  be  twisted,-  crooked  or  scabby,  or  the  pores  will  not  be 
sufficiently  open. 

The  process  succeeds  best  in  spring  and  autumn,  because  the 
sap  is  then  most  fluid  and  it  is  not  so  necessary  to  be  prompt  in 
the  preparation ;  cold  hinders  it,  and  frost  obviously  stops  it  It 
is  little  use  to  attempt  it  in  'winter.  The  pressure  tank  should 
be  elevated  about  twenty-four  feet ;  if  it  is  too  high,  it  is  said 
that  the  liquid  flows  too  rapidly  through  the  timber  to  produce 
its  best  effect. 

It  has  been  found  only  partially  successful  for  poles  to  be  set 
in  sandy  or  peaty  soiL 

Occasionally^  even  in  suitable  soil,  one  here  and  there  has 
decayed  rapidly  without  any  apparent  cause.  This  probably 
arises  from  the  process  having  been  imperfectly  performed,  for 
when  this  is  the  case  the  poles  will  not  last  as  long  as  well- 
seasoned  unprepared  timber,  because  they  have  been  cut  in  the 
summer  and  set  while  green. 

Zinc  and  iron  decompose  sulphate  of  copper;  the  bolts  and 
nails  used  for  fixing  insulators  must  therefore  be  well  galva- 
nized, or  even  tarred  over  to  protect  the  zinc.  This  corrosion 
is  especially  troublesome  in  respect  to  the  so-called  earth  wires 
or  lightning  conductors  fixed  to  the  poles,  which  will  be 
corroded  and  need  renewal  in  a  few  years ;  the  second  set  will 
probably  not  be  affected^  because  the  timber  will  then  be 
thoroughly  dry» 

In  Belgium,  the  railway  sleepers>  which  are  generally  of 
beech,  were  at  one  time  boucherised^  but  it  was  found  that 
when  they  were  laid  in  damp  soil,  the  decomposition  of  the 
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chairs  and  spikes  replaced  the  copper  by  iron,  so  that  the  wood 
became  rotten  nnder  the  chairs  while  perfectly  soond  else- 
where. 

A  comparative  trial  of  boucherised  and  of  unprepared  poles 
was  made  on  the  Wilts  and  Somerset  Sail  way,  in  1856.  When 
examined  in  1861  all  the  former  were  perfectly  sound,  while  of 
the  latter — 

20  per  cent  of  those  set  in  alluvial  soil  were  decayed. 

21  „  „  in  clay 

21         „  „  in  gravel  *     „ 

40        „  ^  in  chalk  ,, 

The  Sub-Engineer  of  the  Belgian  Telegraph  Service  states 
that  the  probable  duration  of  a  boucherised  pole  in  suitable 
soil  is  20  years. 

The  French  employ  the  process  for  all  their  poles.  They 
have  also  injected  dry  timber  with  sulphate  of  copper  by  the 
vacuum  process,  but  if  the  vacuum  process  is  ixsed  at  all  it 
should  be  employed  for  creosote. 

549.  Creosote. — Creosote  does  not  corrode  iron;  it  does  not 
seem  to  fail  in  any  soil ;  and  it  has  another  advantage  which 
may  seem  at  first  sight  a  singular  one,  it  repels  insects,  so  that 
they  do  not  spin  their  webs  in  the  insulators. 

Creosoting  can  be  carried  on  only  at  a  large  depdt,  and  in 
practice  is  done  by  contract.  Too  low  a  pressure  is  sometimes 
used;  water  is  mixed  with  the  creosote,  and  the  timber  is 
allowed  to  get  wet  from  exposure  before  it  is  placed  in  the 
cylinder*  It  is  necessary  in  all  cases  to  weigh  trial  poles  both 
before  and  after  the  operation,  to  see  that  the  proper  quantity 
of  8  lbs.  per  cubic  foot  has  been  forced  into  the  timber. 

On  the  other  hand,  the  apparatus  for  boucherising  is  inex- 
pensive and  portable ;  the  process  is  readily  overlooked,  and  it 
is  easy  to  ascertain  whether  the  solution  has  penetrated  the 
entire  pole  by  testing  it  with  ferrocyanide  of  potassium,  which 
produces  a  brown  stain  with  copper. 

550.  The  cost  of  the  sulphate  of  copper  process,  calculated  on 
5,287  Scotch  fir  poles,  injected  in  the  forest,  and  averaging 
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25  feet  in  lengthy  is  about  twopence  per  each  lineal  foot  of 
timber : — 

Timber ^    .     -  2017  pence. 

Sulphate  of  copper      . 925      „ 

Labour,  dressing  the  pole,  and  wear  and 
tear  of  apparatus^  with  a  payment  of 
royalty ,  1137      „ 

Total  cost 4079      „ 

Cost  of  preparation  only 2062      „ 

Cost  of  an  apparatus  to  prepare  100  poles  <f  110 

Strength  of  solution 1  lb.  to  5  gallons. 

Quantity  of  solution  per  lineal  foot    ...  1*4       ,, 

■ 

The  cost  of  creosoting,  calculated  on  20,409  poles  averaging 
25  feet  in  length  of  Baltie  red  pine,  is  under  twopence  per  each 
lineal  foot  of  timber : — 

Timber 4336  pence. 

Carriage  to  and  from  the  works     .     .     .     '359       „ 
Creosoting 1*486      „ 

Total  cost  .....    76^181       „ 
Cost  of  pr^aiation  only  ......  1*845      „ 


561.  Instructions  for  Out-door  Joiniing  Ouita-Pereka  Wire, 

Preparatory. — The  joint-box  where  the  ^ints  are  to  be  made 
is  first  opened,  the  jointer's  box  placed  close  to  one  side  of  it,  and 
then  the  tent  placed  over  the  box  so  that  the  opening  in  the  tent 
is  opposite  the  jointer's  box. 

Attached  to  the  box  should  be  two  low  stools  fei  the  jointer 
and  his  assistant  to  sit  on,  to  keep  them  elear  from  the  wet 
pavement  or  damp  ground. 

The  box  should  be  opened  and  the  various  tools,  spirit- 
lamps,  furnace,  &c.,  placed  where  most  handy ;  the  spirit-lamp 
for  the  furnace  should  be  lighted  and  the  soldering  iron  heated : 
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the  gutta-percha  tools  should,  if  dirty  or  sticky  with  compound, 
be  filed  and  cleaned 

Great  care  must  be  taken  to  keep  the  gutta-percha  sheeting 
perfectly  clean  and  dry.  ♦ 

It  is  unquestionably  the  fact  that  some  men  are  prevented 
from  making  good  joints  by  causes  affecting  the  perspiration  of 
the  hand,  and,  as  a  joint  requires  firequent  touching,  it  is  easy  to 
understand  that  this  affects  the  material  and  will  prevent  a 
proper  junction  between  the  coats. 

It  is  also  a  fact  that  by  reason  of  ill-health  an  experienced 
jointer  is  similarly  affected  and  makes  inferior  joints. 

The  dirty  work  ought  properly  to  be  done  by  an  assistant 

Censing  Wires, — ^Ihe  wires  at  both  sides  must  be  thoroughly 
cleaned  with  white  waste  soaked  in  naphtha,  until  each  wire 
becomes  thoroughly  clean,  free  from  tar,  dirt,  and  grease. 

Cleansing  Hands, — ^After  cleaning  the  wires  the  jointer  should 
very  carefully  dean  his  own  hands,  and  dry  them  well.  Naphtha 
will  be  found  best  for  this  purpose.  Its  disadvantage  is  that  it 
has  a  tendency  to  harden  the  hand. 

Trimming  Ends. — ^No.  1  wire  should  then  be  taken  up  on 
both  sides  (it  is  best  to  begin  with  the  lowest  number  and  pro- 
ceed in  regular  order)  and  the  gutta-percha  carefully  trimmed 
off  each  end  for  about  1^  inch,  care  being  taken  that  the  knife 
does  not  "  nick  "  the  copper ;  if  this  should  happen,  the  copper 
must  be  cut  off  at  the  "  nick  "  and  the  percha  trimmed  back. 

Making  Copper  Joint. — ^The  copper  wire  left  bare  should  be 
scraped  or  emery-papered  carefully,  and  then  the  two  ends  being 
brought  together  overlappii^  may  be  held  by  the  pliers,  and  first 
one  side  twisted  then  the  other ;  the  entire  twist  should  occupy 
about  3  turns  each  way,  or  f  inch,  the  surplus  ends  should  then 
be  cut  carefully  and  close  over,  and  being  lightly  touched  with 
the  pliers  turned  in,  so  as  not  to  leave  an  edge  sticking  up.  i 

Soldering* — ^The  twisted  joints  should  then  be  soldered,  cal*e 
being  taken  to  knock  off  the  superfluous  solder.  Great  care 
must  aUo  be  taken  when  soldering  a  joint,  that  no  wires  be 
immediately  under  it,  but  that  the  space  underneath  be  quite 
clear.  Hot  solder  dropping  on  gutta-percha  heats  it  at  once, 
and  penetrates. 
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Clean  Joiid, — The  ends  and  soldered  joint  should  next  be 
cleaned  with  naphtha. 

Compound. — ^Then  a  stick  of  compound  should  be  warmed, 
and  a  small  quantity  put  on  the  copper  and  joint,  and  properly 
tooled  over,  so  as  to  cover  the  joint  equally.  Before  applying 
the  tooUng-iron  it  should  be  well  wiped. 

First  (7(wer.— The  ends  of  the  gutta-percha  are  then  slightly 
warmed  and  the  actual  ends  nipped  off  with  the  fingers.  One 
side  of  the  percha  should  be  well  warmed  for  about  2  inches 
back,  and  then  brought  forward  over  the  joint  to  the  opposite 
end  with  a  twisting  motion ;  the  end  should  be  nipped  off,  the 
opposite  end  after  heating  should  then  be  brought  forward  over 
the  other  part  in  a  similar  manner,  as  far  as  it  will  go ;  the  percha 
should  again  be  warmed  and  kneaded  together  with  the  finger 
and  thumb,  or  tooled  beforehand. 

Compound  2.— After  kneading,  the  joint  should  be  warmed 
over  slightly  with  the  spirit-lamp,  the  compound  should  then 
be  heated  and  applied  over  the  gutta-percha,  not  by  dabbing,  but 
by  putting  the  stick  on  the  percha  and  rolling  it  along,  sufficient 
will  be  found  to  adhere ;  the  compound  must  be  again  warmed 
and  applied  a  sufficient  number  of  times  to  go  thoroughly  over 
the  percha. 

The  joint  should  again  be  warmed,  and  the  compound  pro- 
perly tooled  until  it  covers  the  joint  uniformly. 

Second  Cover. — ^A  sheet  of  gutta-percha  (the  gutta-percha 
sheeting,  as  supplied  to  jointers,  should  be  cut  into  strips  4  in. 
wide,  and  kept  carefully  in  a  bag  or  case),  well  cleaned,  should 
then  be  warmed  carefully  over  the  spirit-lamp,  and,  when  suffi- 
ciently warmed,  a  piece  of  about  1  in.  should  be  cut  off  with  a 
pair  of  scissors,  whose  edges  are  moistened  with  the  lips  (the 
pieces  cut  off  may  be  put  in  the  mouth  to  assist  the  formation  of 
saliva),  the  ends  should  also  be  cut  off ;  the  joint  is  then  warmed 
with  the  lamp,  and  also  the  piece  of  sheet  that  is  held  in  the 
hand,  previously  having  been  stretched ;  the  sheet  is  then  ap- 
plied to  one  end  of  the  joint,  ^  in.  on  the  old  core  from  the  end 
of  the  pull  down,  and  being  firmly  pressed  is  drawn  along  the 
length  of  the  joint ;  the  superfluous  end  being  cut  off,  the  joint 
is  then  turned  over,  and  the  spirit-lamp  applied  so  that  the  heat 
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warms  both  joint  and  sheeting ;  the  sheeting  is  then  pinched 
round  the  joint  so  that  its  sides  meet  above  the  joint,  the  upper 
part  is  also  slightly  pulled  so  as  to  make  the  adhesion  better; 
the  spare  sheeting  is  then  cut  oflf  with  the  scissors  close  to  the 
joint,  a  warm  tool  is  passed  over  the  seam  so  as  to  open  it  again, 
it  is  again  pinched  up,  and  by  so  doing  any  air  is  forced  out  that 
may  be  in  it.  In  pinching  up  the  last  time,  one  edge  ought  to 
overlap  the  other  slightly,  so  that  the  wann  tool  more  properly 
seals  up  the  seam. 

By  cutting  off  the  sheet  too  far  from  the  joint  the  seam 
cannot  be  re-opened,  and  by  cutting  off  too  close  no  seam  is 
left,  and  there  is  necessarily  a  vacant  space  in  the  second 
covering ;  this  is  a  frequent  fault,  and  should  be  avoided.  By 
use  of  the  tool  the  ends  of  the  coating  are  made  to  amalgamate 
with  the  old  material,  the  joint  is  again  warmed  thoroughly, 
and  kneaded  with  the  thumb  and  forefinger,  care  being  taken 
to  preserve  its  shape  and  to  knead  evenly  all  round,  it  is  then 
rubbed  up  with  the  moistened  hand. 

Gorwpound  3. — The  stick  of  compound  and  the  joint  are  again 
warmed,  and  the  compound  is  rolled  over  the  joint  from  end  to 
end  in  about  four  places,  which  about  covers  the  joint;  the 
joint  is  again  warmed,  and  the  compound  is  worked  and  spread 
over  the  whole  joint  by  means  of  the  tooling  iron  in  a  uniform 
and  even  manner.  The  joint  is  again  manipulated  with  the 
hand,  and  kneaded.  It  is  then  heated  for  the  last  time,  and 
rubbed  well  with  the  hand,  well  moistened.  This  rubbing  must 
be  done  uniformly  and  equally  all  round ;  it  tends  to  solidify  the 
joint,  and  gives  it  that  highly-polished  and  finished  appearance 
60  characteristic  of  the  handiwork  of  a  good  jointer. 

The  following  notes  respecting  the  joint  and  its  manipulation 
should  be  carefully  attended  to. 

Holding  Core. — The  jointer  and  his  assistant  should  hold  the 
wire  carefully  and  firmly  between  the  thumb  and  forefinger  at 
such  a  distance  from  the  joint  as  to  be  beyond  the  influence  of 
the  heat,  the  percha  held  should  always  be  hard ;  if  the  hand  be 
too  near  the  joint  the  man  will  probably  be  pressing  the  material 
where  it  has  been  softened  by  the  heat  and  will  very  probably 
cause  damage. 
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Tu'tsting  Joints. — In  turning  the  joint  over  for  the  purpose  of 
heating  or  tooling,  the  jointer  and  his  assistant  should  turn  it 
over  carefully  together  so  as  not  to  put  a  twist  in  the  short 
portion,  but  to  distribute  it  over  the  entire  length.  When  that 
operation  has  been  done  the  joint  should  be  turned  back  in  the 
opposite  direction,  so  as  to  bring  it  into  its  original  position. 
As  in  making  a  joint  this  twisting  has  to  be  done  very  often,  it 
is  very  essential  that  this  turning  over  and  back  again  should  be 
attended  to,  instead  of  turning  the  joint  the  same  way  always ; 
from  inattention  to  this  and  the  preceding  instruction,  joints 
have  been  seen  with  a  series  of  twists  made  outside  the  joint, 

A  jointer  should  bear  in  mind  that  a  good  jointer  is  known 
by  the  unaltered  state  of  the  core  outside  the  joint,  as  well  as 
by  the  excellence  of  the  joint  itself.  . 

The  application  of  the  fingers  to  the  joint  is  frequently  neces* 
sary;  the  fingers,  however,  should  be  well  moistened  in  the 
mouth  before  touching  the  warm  material. 

Whenever  a  joint  has  been  touched  by  the  moistened  finger 
the  joint  should  always  be  warmed  with  the  spirit-lamp,  as  this 
drives  away  any  moisture.     This  is  very  important 

If  in  warm  weather  the  hand  should  perspire  it  ought  to  be 
dried.  Naphtha  will  do  this  best,  especially  as  its  rapid  evapo- 
ration produces  coldness. 

Sheeting  of  a  similar  quality  to  the  gutta-percha  of  the  wire 
itself  should  always  be  used.  It  is  very  difficult  to  produce  a 
homogeneous  joint  by  using  two  different  materials. 

The  length  of  a  joint  should  be  about  six  inches. 

The  principal  faults  in  joints  are : — 

Bad  Tivists, — Nicks  in  copper  and  leaving  one  end  of  twist 
sticking  up  ;  joints  have  been  seen  with  one  end  nearly  pene- 
trating through. 

Eccentricity. — Due  to  bad  kneading  and  tooling. 

Air-holes, — ^Due  to  bad  closing  of  sheeting. 

Burning. — ^Due  to  careless  use  of  lamp  and  overheating. 

Separation  of  Coatings. — Due  to  moisture  remaining  on  coats 
and  also  to  want  of  cleanliness. 

Every  detail  of  jointing  n^ay  be  learnt,  and  with  practice 
become  quite  easy ;  but,  unless  a  jointer  is  scrupuiously  clean,  his 
labour  is  nearly  useless,— (0.  JE,  Preece.) 
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THE  STRAINS  OF  SUSPENDED  WIRES  AND  THEIR  STRESS  ON 

STRUTS  AND  STAYS.    {Bobert  SoMnc) 

TABLE  I. 

To  FACILITATE  THB  CALCULATIONS  OF  STRAINS  ON    SUSPENDED  (IbON  OR 

Strrl)  Wires. 


CoLl. 

CoL  2. 

CoL  8.                 C< 

)1. 1. 

Col.  i. 

CoL  S. 

BeUtlon  of 
sag  to  span. 

h  :1 

Proportional 
strain. 

Proportional        Rela 
leugtli             sag  t 
(span  =  I). 

L.                      h 

tlon  of 
ospan. 

:l 

Proiwrtional 
strain. 

K 

Proportional 

length 

(spHM  =  1). 

L. 

1  to    10 

4-67 

1-02667           1  t 

ol80 

54  96 

1-00016 

1   ,.     15 

6*62 

1-01185           1  , 

,  140 

69-18 

1-00014 

,y     20 

8-68 

1-00667            1  , 

,  150 

63-40 

1-00012 

„    25 

10-74 

1-00427            1  , 

,  160 

67-63 

1-00010 

„    80 

12-83 

1-00296            1  , 

,  170 

71-85 

1-00009 

„    35 

14-92 

1-00218            1  , 

,  180 

76-07 

1-00008 

,f    40 

17-02 

1-00167            1  , 

,  190 

80-30 

1  00007 

„    45 

19-11 

1-00132           1  , 

,  200 

84-52 

1  -00008 

„    60 

21-21 

1-00107            1  , 

,  225 

95-08 

1  -00005 

n    60 

26-43 

1-00074            1  , 

,  250 

105-64 

1  -00004 

.,    70 

29-64 

1-00054            1  , 

,275 

116-21 

1  -00004 

„    80 

83*86 

1-00042            1  , 

,  800 

126-77 

1  -00003 

»    90 

88-07 

1-00038            1  , 

,  350 

147-89 

1  -00002 

,  100 

42-29 

1-00027            1  , 

,  400 

169-02 

1  -00002 

,  110 

46-52 

1  00022            1  , 

,  450 

190-14 

1  00001 

„  120 

60-74 

1-00019            1  , 

,  600 

211-26 

1-00001 

Rules  for  using  the  above  Table. 

I.  The  span  and  sag  being  given,  to  find  the  absolute  Strain  per 

square  ituh  section. 

Rule. — In  column  1  find  the  nearest  relation  of  sag  to  span, 
and  opposite  to  it  (in  col.  2)  the  proportional  strain  (k).  The 
absolute  strain  in  lbs.  is  K  times  the  span  in  feet. 

Example. — If  a  steel  wire  were  to  be  stretohed  across  a  river 
(span  2,340  feet),  and,  on  account  of  shipping,  only  39  feet  sag 
could  be  allowed,  what  would  be  the  absolute  strain? 

39  :  2340  :  :  1  :  60. 

In  the  table  opposite  the  proportion  1  :  60  is  given  (eoL  2) 
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the  pToportional  strain  .(e)  =  25*43  lbs.    The  absolute  strain  is^ 
therefore, 

25-43  X  2340  =  59506  lbs.  per  square  inch. 

II.  The  span  and  sag  leing  given,  and  also  the  sectional  area  oj 
the  wire  in  square  inches,  to  find  the  a^cttuU  strain  in  lbs. 

BuLE. — In  column  1  find  the  nearest  relation  of  sag  to  spaoj^ 
and  opposite  to  it  (in  coL  2)  the  proportional  strain  (r).  Then 
the  actual  strain  in  lbs.  is, 

E  X  area  of  wire  x  span  in  feet. 

Example. — Span  of  111  yards  with  a  sag  of  20  inches 
(=  1  :  200).  Eequired  the  actual  strain  of  a  No.  11  B.W.G  iron 
wire. 

In  coL  1  opposite  1  :  200  we  find  K  =  84*52.    The  sectional 

area  of  No.  11  wire  is  0-0125 ".    Therefore  the  actual  strain 

will  be 

84-52  X  00125  x  333'  =  352  lbs. 

III.  The  span  and  sag  being  given,  to  find  the  length  of  the 

suspended  wire. 

Rule. — In  col.  1  find  the  nearest  relation  of  sag  to  span ; 
coL  3  gives  the  proportional  length  (l).  The  actual  length 
is  =  l  times  the  span  in  feet. 

Example.— Span  200  feet,  sag  10'  =  (1  :  20).  The  propor- 
tional length  of  which  is 

10067.    Therefore  length  =  1-0067  x  200  =  201*34  feet. 

IV.  The  span  and  maximum  axsttoal  strain  of  a  wire  being  given 

to  find  the  necessary  sag, 

BxJLE. — Divide  the  given  maximum  strain  in  lbs.  by  the  area 
of  the  wire  in  inches  multiplied  by  the  span  in  feet,  and  with 
the  quotient  refer  to  col.  2  of  the  table  for  the  nearest  value. 
Opposite  to  this  in  col.  1  you  will  find  the  sag. 

Example. — It  is  wished  to  stretch  a  No.  8  steel  wire  across 
a  space  of  2,000  feet  in  such  a  way  that  the  maximum  strain 

B  B 


370  HANDBOOK  OF  PRACTICAL  TELEGRAPHY. 

upon  it  will  not  exceed  900  lbs.    Th^  area  of  No.  8  wire  is 
0023"  and 

•023  X  2000  "  ^^  ^^^' 

In  column  2  the  nearest  value  to  19*565  is  19'113,  corre- 
sponding to  a  sag  of  1  :  45.    The  sag  will  therefore  have  to  be 


V.  Two  neighbouring  spans  of  differcTU  lengths,  which  do  not  fonm 
an  angle  at  the  post,  being  given,  to  find  the  sag  which  one 
wire  miL&t  he  allowed  in  order  to  balance  the  strain  of  the 
other  on  the  common  support. 

Rule. — Having  found  tlie  actual  strain  of  the  first  section, 
the  sag  of  the  second  is  calculated  by  the  Eule  IV.  given  above. 

Example. — A  span  of  2,000  feet  is  crossed  by  a  No.  8  wire 
(area  =  0*023^  having  44^  feet  sag  (1  :  45),  and  therefore  an 
actual  strain  of 

1911  X  0-023  X  2000  =  879  lbs., 

the  neighbouring  span  is  only  400  feet. 

870 


•02:-;  X  400 


=  95'5  {sec  Eule  IV.). 


In  col.  2  the  nearest  value  to  this  is  95*08,  corresponding  to  a 
sag  of  1  :  225.  The  wire  must,  therefore,  be  pulled  up  tUl  the 
sag  is 

^^  =  1*8  feet,  or  about  21J  inches. 

VI.  Two  neighbouring  spans  having  different  strains,  and  maJcing 
an  angle  at  the  post,  to  find  the  proper  direction  for  a  strut 
or  stay. 

Rule. — Find  by  the  foregoing  rules  the  two  strains.  Measure 
off  from  the  pole  in  the  direction  of  each  wire  a  length  proporr 
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tional  to  its  strain.  Join  the  ends  of  the  measured  lengths  by 
a  straight  line,  the  middle  point  of  which,  sighted  towards  the 
post,  gives  the  proper  line  of  stmt  and  stay. 


Fio.  184. 

Example. — From  the  post  o  are  two  wires ;  the  strain  of  A  is 
600  lbs.,  that  of  B  is  900  lbs, 

I  measure  off,  in  the  direction  o  A,  a  length  of  10  feet  to  a, 
and  in  the  direction  o  b  a  length  of  15  feet  to  5  (because  10  and 
15  are  proportional  to  600  and  900).  The  points  a  and  h  I  then 
join  by  a  straight  line  a  &,  the  middle  of  which  is  at  ttz  ;  there- 
fore a  strut  should  be  placed  in  the  line  mo.  If  I  want  a  stay 
I  sight  the  line  on  the  other  side  of  the  post,  towards  n,  and 
place  the  stay  in  the  direction  n  o, 

Vll.  The  span^  sag,  and  temperature  {in  deg.  Centigrade)  of  a 
wire  "being  given,  to  calculate  the  effects  of  an  alteration  of 
temperature. 

Bulb. — 1.  Take  from  col.  3  of  the  table  the  proportional 
length,  corresponding  with  the  given  span  and  sag. 

2.  Then  {j^crSsel  ^^^^  proportional  length  by  0-0012 
per  cent,  for  every  degree  Centigrade  which  the  altered  tem- 
perature is  •}  V  7^^  [  the  original  temperature. 

3.  Lastly,  with  the  altered  proportional  length,  find   (in 
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col.  3)  the  nearest  value,  and  in  coL  1  the  corresponding 
sag.  The  proportional  strain  in  col.  2,  multiplied  by  the  span 
in  feet,  gives  the  resulting  strain  in  lbs.  per  square  inch  of 
section. 

Example. — ^An  iron  wire  was  stretched  across  a  span  of  400 
feet,  with  a  sag  of  5  feet  (1  :  80),  at  a  temperature  of  25"*  C. ; 
the  absolute  strain  upon  it  was,  thereforCi 

400  X  33-86  =  13544  lbs.  per  square  inch. 

Tn  winter,  during  a  frost  of  5°  C,  what  would  the  sag  and  strain 
become  ? 

1.  By  col.  3  we  find  that  the  proportional  length  for  sag 
1  :  80  would  be  1*00042. 

2.  The  difference  of  temperature  (+  25"  to  —  5°  C.)  would 
be  30^  and  30  x  000 12  per  cent.  =  0036  per  cent  Then 
1-00042  -  0-036  per  cent.  =  1*00042  -  000036  =  1-0006. 

3.  In  col.  3  we  find  the  proportional  length  1*00006  corre- 
sponding to  a  sag  of  1  :  200,  and  (col.  2)  a  strain  of  about 
85  lbs.  85  X  400  =  34,000  lbs.  per  square  inch,  which  would 
be  sufficient  to  permanently  stretch  the  wire. 


VIII.  To  find  the  actual  -J  «^^^v^  V  on  a  given  <     .      r  placed 

in  the  proper  direction, 

EuLR— '1.  Mark  out  by  the  method  given  iu  Kule  VI.  the 
line  of  direction,  and  measure  the  distance  m  o  in  feet  The 
horizontal  strain  on  the  post,  in  the  direction  n  m,  is  equal  to 
the  actual  strain  on  A  in  lbs.,  multiplied  by  twice  m  o  in  feet^ 
and  divided  by  o  a  in  feet. 

2.  Next  measure  downwards  and  mark  from  the  point  where 

r  strut  ) 
the  -J  g^      >  joins  the  post,  a  length  of  10  feet  on  each,  and 

with  a  tape  measure  the  distajice  across  in  feet  between  the  two 
marks. 

3.  Find  in  the  following  table  (col.  1)  the  nearest  value  to 
this  distance,  and  with  the  corresponding  number  given  in 
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col.  2,  multiply  the  horizontal  strain  found  (in  1)  above.     The 

{strut  ^ 
or    >  in  lbs. 
stay  J 

TABLE  n. 

To  rACILITATE  TUE  CALCULATIONS  OF  StRAIIT  ON  StBUTS  AND  StATS. 


CoLL 

Col.  2. 

Col.  1. 

CoL2. 

Distance  between 

Proportional 

Distance  between 

Proportional 

etrot  or  stay  and 

strain 

strut  or  stay  and 

strain 

post  10  feet  down. 

on  strut  or  stay. 

post  10  feet  down. 

on  stmt  or  stay. 

Fi   in. 

Ft   In. 

2     0 

5*02 

5     0 

2-07 

2    3 

4-47 

5     6 

1*89 

2    6 

4*03 

6    0 

1*76 

2     9 

8-67 

6    6 

1*68 

S    0 

8-87 

7     0 

1*58 

S    8 

8-12 

7    6 

1*44 

8    6 

2*90 

8    0 

1*86 

8    9 

2*71 

8    6 

1*80l 

4    0 

2*55 

9    0 

1*24 

4    8 

2*41 

9    6 

1-20 

4    6 

2-28 

10    0 

1-16 

4    9 

2-17 

ExAJtfPLE. — The  post  in  the  example  given  with  Eule  VI.  is 
provided  with  a  stay  in  the  line  m  o.    The  length  of  the 
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line  m  o,  hj  measurement,  I  find  to  be  6^ ;  the  horizontal  strain 
on' the  post  is,  therefore, 

10' :  600  lbs.  : :  2  X  6' :  720  lbs. 

I  next  mark  off  from  the  point  a  10  feet  to  &  on  the  post,  and 
c  on  the  stay,  and  measure  the  distance  b  to  c,  which  I  find  to 
be,  say,  4'.  3". 

Lastly,  I  refer  to  the  table,  and  opposite  4'.  3"  I  find  2*41. 

The  strain  on  the  stay  is,  therefore, 

2-41  X  720  =  1735  lbs. 

In  this  rule  it  is  supposed  that  the  strut  or  stay  touches  the 
post,  at  the  same  height  as  the  mean  strain  acts  horizontally. 

If,  however,  the  strain  at  a  is  higher,  or  lower  than  the  top  of 
the  strut  or  stay,  the  result  found  in  the  foregoing  must  be  mul- 
tiplied by  the  height  of  the  strain,  and  divided  by  the  height  of 
the  top  of  the  strut  or  stay,  both  being  measured  on  the  pole. 


/ 


/ 


Fig.  136. 


ExAMPLK—Suppose  in  the  last  example  the  mean  strain  acts 
at  20  feet  from  the  ground,  but  that  the  stay  reaches  only 
15  feet  up,  then  the  actual  strain  will  be 

1735  x_20 
15 


=  2313  lbs. 
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IX.  The  horizontcd  strain  in  the  proper  direction  9f  ^  \    *      \ 

and  the  maximum  strain  on  the   <     .      >   being  given,  to 
find  the  angle  at  which  it  must  be  placed  against  the  post 

BuLE. — 1.  Find  by  Rule  VIII.  (1)  the  horizontal  strain  in 

the  proper  direction  of  the  <  ^J^  |- . 

2.  Divide  the  given  maximum  strain  by  the  horizontal  strain, 
and  find  in  col.  2,  Table  II.,  the  nearest  value  to  the  quotient ; 

r  gtrut  1 
col.  1  then  gives  the  distance  which  the  -J    .      S-  must  stand 

from  the  post,  at  a  point  measured  10  feet  down  from  each. 

Example.  —  Suppose    the   horizontal   strain   calculated  by 

Bule  YIIL  (1)  to  be,  as  in  the  last  example,  =  720  lbs.,  and 

that  a  stay  which  must  not  bear  more  than  1,500  lbs.  is  to  b^. 

used, 

1500 


720 


=  208, 


in  col.  2,  Table  II.,  the  nearest  value  to  this  is  2*07,  and  in 
col.  1  the  corresponding  distance  between  the  10  feet  marks  is 
given  =  5  feet. 
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Although  a  good  manipulator  may  be  able  to  send  40  or  more 
words  a  minute  by  the  Morse  key,  practically  a  very  much 
lower  rate  is  attained ;  the  exertion  cannot  be  sustained :  and 
however  expert  a  clerk  may  be,  his  signals  are  not  always  clear 
and  legible.  If,  therefore,  a  machine  can  be  employed  which 
shall  do  nothing  more  than  transmit  signals  at  the  maximum 
speed  wliich  can  be  attained  by  hand,  the  usual  advantage  of 
machine  over  hand  labour  will  have  been  gained.   The  macliine 


376  HANDBOOK  OF  PRACTICAL  TELBGEAPHY. 

will  not  tire,  and  its  signals  will  always  be  perfectly  fonned 
and  clear. 

But  obviously  a  far  higher  speed  can  be  attained  by  me- 
chanical than  by  hand  signalling:  it  would  be  almost  un- 
limited were  it  not  for  the  effects  of  induction,  which  is  always 
present  even  in  a  suspended  wire.  At  moderate  speeds  the  re- 
tardation and  prolongation  is  not  felt,  because  its  duration  is  but 
a  small  fraction  of  the  time  between  one  signal  and  another; 
but  as  speed  increases  the  interval  between  each  signal  becomes 
less  and  less ;  so  that  at  a  certain  speed  the  effect,  however  short 
in  duration  absolutely,  lasts  during  the  whole  of  the  interval. 
It  is  clear  that  we  can  adjust  the  necessary  compensations  for 
counteracting  the  effect  of  induction  more  accurately  by  me- 
chanical means  than  by  hand. 

Automatic  telegraphs  produce  the  Morse  alphabet,  or  even 
give  a  fac-simile  of  handwriting;  the  latter  system  is  not  at 
present  sufficiently  -employed  to  need  notice  in  a  practical 
treatise  such  as  the  present. 

The  earliest  attempt  to  transmit  Morse  signals  automatically 
was  the  decomposition  process  of  Bain  (389),  under  which  the 
ordinary  Morse  characters  are  punched  out  in  a  paper  ribbon 
and  transmitted  by  means  of  a  brush  of  wire  resting  upon  the 
ribbon,  and  making  contact  with  a  metallic  roller  through  the 
holes  cut  in  the  paper;  they  are  received  upon  chemically 
prepared  paper,  or  by  the  ordinary  ink  writer. 

This  system  was  employed  in  1852  between  Liverpool  and 
Manchester,  but  was  abandoned  partly  because  the  insulation  of 
the  wires  was  not  sufficiently  good,  but  principally  because  no 
convenient  method  of  perforating  the  paper  had  then  been  con- 
trived* It,  however,  now  succeeds  very  well  at  a  speed  of  60 
or  70  words,  on  about  100  miles  of  suspended  wire,  when  an 
inkwriter  is  used  for  receiving,  and  is  more  successful  still  with 
chemically  prepared  paper. 

The  punching  apparatus  can  be  made  in  a  simpler  form  if  the 
perforations  are  arranged  in  parallel  lines,  one  for  dashes,  the 
other  for  dots,  instead  of  one  single  lina  The  same  wire  brush 
will  make  contact  through  both  rows  of  holes,  and  the  received 
signals  will  be  unaffected  by  the  alteration. 
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The  limit  of  speed  with  an  inkwriter  is  quickly  reached  when 
the  length  of  the  dots  and  dashes  of  the  Morse  alphabet  is  deter- 
mined by  the  dv/rcdion  of  the  battery  cnirentSi  A  higher  speed 
can  be  attained  by  Bain's  chemical  process,  but  the  current  com- 
mences to  mark  the  prepared  paper  long  before  it  attains  suffi- 
cient strength  to  produce  a  legible  signal,  so  that  the  elements  of 
the  letters  instead  of  commencing  and  ending  sharply,  taper  off 
to  a  fine  line  which  even  at  moderate  speeds  reaches  from  one 
to  the  other.  This  line  (teobnically  called  the  "  drag  ")  is  caused 
by  the  residual  charge  of  the  wire,  and  as  speed  increases  the 
line  thickens  until  the  signs  become  illegible.  If  a  reversed 
current  exactly  of  the  right  strength  to  neutralize  the  prolonga- 
tion which  causes  this  drag,  and  which  varies  with  the  order  of 
sequence  of  dots  emd  dashes,  could  be  applied^  speed  would 
be  enormously  increased  and  a  more  sensitive  paper,  capable 
of  being  acted  on  by  a  weaker  current,  could  be  used. 

This  has  been  partially  effected  by  reversed  batteries,  but,  it 
would  seem,  is  successfully  accomplished  by  Mr.  Edison  of  New 
York,  by  means  of  the  extra  current  from  electro-magnets,  used 
in  the  manner  of  a  shunt.  Under  the  first  system  the  current  is 
reversed  at  the  sending  end  between  each  signed,  and  a  small 
shunted  battery  connected  so  as  to  oppose  the  marking  current 
is  placed  at  the  receiving  end;  the  number  of  cells  and  re- 
sistance of  shunt  of  this  battery  are  adjusted  so  that  the  sending 
current  works  through  it,  but  when  the  signal  current  decreases, 
its  own  current,  being  in  the  reverse  direction,  is  sufficient  to 
neutralize  the  charge  remaining  in  the  wire  in  the  interval 
between  signals. 

Edison  uses  punched  paper  perforated  on  Bain's  system  ;  and 
a  very  powerful  battery,  at  the  sending  end  only,  shunted  by 
electro-magnets,  so  that  their  extra  current  direct,  which  iai 
powerful,  acts  as  a  reversal  to  discharge  the  wire  at  the  sending 
end.  The  paper  at  the  receiving  end  is  prepared  with  iodide  of 
potassium  and  starch,  so  as  to  be  exceedingly  sensitive,  and  is 
shunted  in  like  manner  by  electro-magnets,  whose  extra  current 
passes  through  the  paper  in  the  interval  between  signals  in  a 
reverse  direction  and  prevents  the  drag. 

The  shunt  is  made  up  of  several  separate  electro-magnets,  or 
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resistances  wound  on  iron  bobbins^  and  is  arranged  so  that  by 
means  of  a  sliding  contact  the  exact  number  of  magnets  to  pro- 
duce the  required  amount  of  extra  current  can  be  put  in  circuit. 
A  speed  of  400  to  500  words  per  minute  has  been  attained  ex- 
perimentally, on  a  suspended  wire  200  miles  long,  by  this  means 
with  careful  management  and  under  favourable  circumstances. 

A  succession  of  dots  can  be  signalled  much  more  rapidly  than 
dots  and  dashes,  because  the  battery  contacts  are  of  uniform 
duration,  and  the  charge  in  the  wire  uniform  also,  whereas  a 
dash  charges  the  wire  more  highly,  and  therefore  requires  a 
larger  reversal,  or  a  longer  time  for  its  discharge.  In  addition 
to  this  effect  of  inequality  in  the  duration  of  the  currents,  there 
appears  to  be  also,  when  an  inkwriter  is  used,  an  important 
action  upon  the  receiving  electro-magnet;  for  if  a  current  is 
prolonged  the  iron  is  more  strongly  jnagnetized,  and  therefore  re- 
quires more  time  to  become  neutral  It  is  therefore  desirable 
to  produce  dashes  and  dots  by  currents  of  equal  duration ;  this 
can  be  effected  by  adjusting  the  armature  of  a  polarized  relay 
80  as  to  be  neutral,  or  in  other  words,  to  have  no  tendency  to 
move  at  all  except  as  influenced  by  the  current 

Siemens  as  well  as  Wheatstone  has  adopted  this  principle. 
The  armature  of  the  receiver  being  polarized,  and  so  adjusted 
as  to  remain  in  the  position  in  which  it  is  left  by  the  last 
current,  it  follows  that  after  a  marking  current  has  been  sent 
the  inking  disc  continues  to  produce  a  line  on  the  paper  until 
it  is  removed  by  the  reversal  Thus  a  dot  is  produced  by  an 
instantaneous  current,  immediately  succeeded  by  a  reversal; 
a  dash  by  an  equally  short  current,  reversed  after  an  interval 
sufficient  to  allow  a  dash  to  be  formed  on  the  paper. 

Siemens,  like  Bain,  uses  the  wire  brush  to  make  contact 
through  the  perforations  in  the  paper  ribbon.  The  edge  of 
the  wheel,  on  which  the  paper  rests,  instead  of  being  in  one 
piece,  as  in  Bain's  apparatus,  is  divided  into  a  number  of 
insulated  teeth,  connected  alternately  to  the  positive  and  nega- 
tive poles  of  a  battery,  so  that  if  the  brush  rests  upon  the 
moving  wheel  when  the  paper  ribbon  has  been  removed,  a 
series  of  reversals  is  sent  along  the  line.  When  the  ribbon 
is  in  place  no  current  is  sent  until  the  brush  meets  with  a 
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perforation ;  if  this  happens  to  lie  over  one  of  the  positive  teeth 
of  the  wheel,  a  positive  signal  is  sent,  and  vice  versd.  If  a 
dot  is  required,  two  holes  are  punched  at  a  distance  one  from 
the  other  equal  to  that  between  two  of  the  teeth,  so  that  the 
wire  brush  first  makes  contact  with  a  positive  tooth  or  division 
of  the  wheel,  and  immediately  after  with  the  next  tooth,  which 
is  negative;  a  marking  current  is  therefore  sent  and  reversed 
instantly.  If  a  dash  is  required,  the  holes  are  punched  at  a  dis- 
tance equal  to  that  of  four  teeth ;  the  reversed  current  is  now 
produced,  not,  as  before,  by  the  next  tooth  to  that  which  sends 
the  marking  current,  but  by  the  next  but  two ;  that  is  to  say,  the 
first  tooth  being  positive,  causes  the  armature  to  be  attracted ; 
the  second,  which  is  negative,  does  not  act,  nor  does  the  third, 
which  is  positive,  there  being  no  holes  in  the  paper  over  them ; 
but  there  is  a  hole  over  the  fourth  tooth,  which,  being  negative, 
reverses  the  current. 

A  second  and  parallel  line  of  holes  is  punched  in  the  sending 
ribbon,  forming  a  kind  of  rack  to  receive  the  teeth  of  a  wheel 
which  carries  the  paper  forward;  this  secures  accurate  coinci- 
dence between  the  perforations  and  the  divisions  of  the  wheel 
over  which  the  paper  nms. 

It  would,  however,  appear  that  the  system  of  making  contact 
through  slits  or  peiforations  is  not  perfect ;  the  contacts  are  apt 
to  be  interfered  with  by  dust  and  the  fibres  of  the  paper  itself, 
and  the  duration  of  the  contacts  is  shortened  by  the  brush  or 
spring  being  compelled  to  drop  through  the  band  and  to  be 
lifted  again  by  the  edges  of  the  perforations.  So  much  is  this 
the  case,  that  a  much  better  result  is  obtained  by  lengthening 
the  perforations,  and  increasing  the  speed  of  the  band  in  a  cor- 
responding degree. 

Wbeatstone  has  avoided  this  defect  completely.  In  his 
system  the  contacts  are  made,  as  in  a  key  or  relay,  by  levers 
tipped  with  platinum,  and  the  paper  band  simply  regulates  the 
movement  of  these  contact  pieces,  in  the  same  manner  as  the 
cards  of  a  Jacquard  loom  determine  the  lifting  of  the  threads  of 
the  warp. 

The  apparatus,  as  originally  arranged,  produced,  like  Siemens', 
dots  by  a  positive  current  followed  im^nediately  by  a  negative 
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of  the  same  duration  and  strength,  and  dashes,  by  a  similar  pair 
of  currents  separated  by  an  interval  during  which  the  wire  was 
insulated  at  the  sending  end. 

But  it  was  soon  found  that  although  greater  speed  was  attained 
by  the  system  of  instantaneous  currents  than  could  be  obtained 
by  "  permanent "  or  constant  currents,  a  new  series  of  imperfec- 
tions were  introduced  owing  to  the  leakage  of  the  line  during 
the  intervals  between  the  currents. 

This  is  very  well  seen  in  a  circuit  where  there  is  consider- 
able induction,  as  when  cables  are  connected  to  land  lines. 

When  a  cable,  say,  120  miles  long,  is  placed  between  two 
land  lines  A  and  B,  of  20  and  130  miles  respectively,  the  rate  of 
transmission  from  A  to  B  is  considerably  higher  than  in  a 
reverse  direction,  in  fact  about  as  9  to  6 ;  and  although  the 
ordinary  effect  of  an  increase  in  the  resistance  of  a  land  wire 
is  to  decrease  speed,  it  will  be  found  that  when  short  currents 
followed  by  insulation  of  the  sending  end  of  the  wire  are  used, 
the  speed  from  a  to  B  is  increased  by  employing  a  wire  for  line 
B  of  170  mils,  gauge  in  place  of  one  of  240  mils.  But  in  speak- 
ing from  B  to  A,  the  thicker  wire  will  give  the  best  results. 

That  is  to  say,  the  line  between  the  battery  and  the  cable 
should  be  decreased  in  resistance  (the  battery  itself  having  as 
low  a  resistance  as  possible),  while,  on  the  other  hand,  the 
resistance  of  the  line  between  the  cable  and  the  receiving  instru- 
ment should  be  increased.  In  the  case  under  consideration 
as  much  as  five  thousand  ohms  may  be  inserted  at  the  receiving 
end  with  advantage :  that  is  to  say,  a  resistance  considerably 
greater  than  that  of  the  rest  of  the  circuit ;  the  object  being  to 
secure  a  high  and  uniform  potential  in  the  cable,  and  for  this 
purpose  to  prevent  its  discharging  itself  too  quickly  at  the 
distant  end.  This  gives  a  heavier  mark  smd  a  greater  range  of 
adjustment  of  the  receiving  instrument. 

But  when  the  land  line  B  is  increased  to  300  miles,  and  the 
cable  is  reduced  to  60  miles,  A  remaining  unaltered,  the  addi- 
tion of  resistance  to  A,  when  A  rc^ceives,  does  not  produce  the 
same  effect;  for  the  potential  of  the  end  of  the  cable  adjoining 
line  B  cannot  be  raised  so  high  as  in  the  case  where  the  land 
line  is  shorter.    Here  the  speed  from  b  to  A  is  only  about  one- 
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half  that  in  the  reverse  directioD,  or  about  40  and  80  words 
per  minute  respectively. 

It  is  frequently  advantageous,  even  when  there  are  no  cables 
in  circuit,  to  introduce  a  considerable  resistance  at  the  receiving 
end,  and  to  adjust  it  from  time  to  time  to  suit  the  varying  condi- 
tion of  the  circuit  as  regards  capacity  and  insulation ;  and  as  a  very 
feeble  "  contact "  or  leakage  from  wire  to  wire  afiPects  the  delicate 
apparatus,  it  is  frequently  advantageous  to  introduce  resistance 
at  the  receiving  end  to  decrease  the  tendency  to  the  admission 
of  false  currents. 

In  addition  to  the  prevention  of  loss  to  earth  by  the  addition 
of  resistance  at  the  receiving  end,  it  is  necessary  to  compensate 
for  the  irregularity  of  interval  between  the  positive  and  negative 
currents  (irregularity  of  duration  is  avoided  by  the  system  of 
equal  current  or  dots),  so  that  the  potential  of  the  wire  may  be 
kept  as  nearly  uniform  as  possible  at  the  commencement  of  each 
signal.  This  is  effected  by  an  arrangement  of  the  apparatus  by 
which  weak  currents  are  sent  in  the  intervals  during  which 
under  the  original  system  the  wire  was  disconnected.  The 
first  and  last  current  of  a  dot  or  dash  pass  to  line  direct,  and 
in  the  spaces  compensating  currents  pass  to  line  through  a  high 
resistance,  which  can  be  varied  at  will  so  as  to  increase  or 
diminish  the  strength  of  the  currents. 

A  further  increase  of  speed  is  obtained  by  placing  a  condenser 
between  the  line  and  the  receiving  instrument,  the  plates  being 
connected  or  shunted  by  a  high  resistance.  A  condenser  at  the 
sending  end  lowers  speed  by  causing  the  marks  to  run  together. 

Wheatstone*s  system  now  embraces  three  methods :  (a)  called 
the  permanent  current  system,  (6)  the  intermittent  current,  and 
(c)  the  compensation  system. 

In  [a)  the  signs  are  formed  precisely  as  with  the  double 
current  key,  the  marking  current  lasting  during  the  whole 
signal,  and  the  pacing  (or  reversed)  current  during  the  whole 
interval  between  signals ;  but  in  (b)  a  dot  is  formed  by  a  short 
marking  current,  instantly  followed  by  an  equally  short  reversal, 
a  dash  by  a  short  current,  followed  first  by  disconnection  of  the 
Une-wire,  and  afterwards  by  a  short  reversal,  as  has  been  already 
explained. 
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In  system  (b)  the  disturbing  effects  are  exactly  opposite  to 
those  in  (a),  the  compensation  is,  in  fact,  overdone.  In  the 
third,  or  most  improved  system  (c),  the  over  compensation  of  (6) 
is  avoided. 

The  letter  R  ( )  shows  the  effects  of  the  three  systems 

very  clearly. 

When  "  permanent "  currents  are  used  (a),  the  spacing  charge 
remaining  in  the  wire  in  the  interval  between  the  letters  partially 
neutralizes  the  marking  current  for  the  first  dot  of  the  R,  which 
consequently  is  shortened.  The  long  marking  current  for  the 
dash  charges  the  wire  so  highly,  that  the  succeeding  spacing 
current  does  not  neutralize  it  quickly  enough  to  cut  off  the  dash 
at  the  proper  time,  so  that  the  dash  is  elongated.  Again,  the  dot 
after  the  dash  is  also  elongated,  because  the  next  marking 
current  commences  to  act  too  soon,  in  consequence  of  there 
being  too  weak  a  spacing  charge  in  the  wire. 

When  intermittent  currents  ip)  are  used,  the  opposite  effect 
takes  place,  the  dot  before  the  dash  is  elongated,  and  the  dot 
following  a  dash  is  shortened. 

Taking  the  letter  R  again  as  an  example.  No  current  having 
been  sent  during  the  latter  part  of  the  preceding  space,  the  line- 
wire  is  clear  and  receives  a  full  charge  from  the  marking 
current  for  the  dot;  the  foUowing  spacing  current  is  immediately 
succeeded  by  a  marking  current  for  the  dash,  and  during  the 
remainder  of  the  dash  no  current  is  sent  to  line.  Two  marking 
currents  are  thus  sent  to  one  spacing  current,  and  the  tendency 
is  for  the  dot  and  dash  to  ran  together,  owing  to  the  line  being 
charged  to  excess  by  the  marking  current. 

In  the  case  of  the  dot  following  the  dash,  the  reverse  occurs. 
At  the  end  of  the  dash,  owing  to  the  long  interval  since  the 
marking  current  was  sent,  the  line  may  be  considered  as  almost 
free  of  charge,  and  therefore  receives  the  full  charge  from  the 
spacing  current  which  terminates  the  dash ;  this  spacing  current 
is  followed  by  the  marking  current  for  the  dot,  which  is  again 
immediately  followed  by  a  spacing  current.  Thus  two  spacing 
currents  are  sent  against  one  marking,  and  the  dot  is  shortened 
by  the  excess  of  spacing  currents. 

In  order  to  compensate  for  the  variations  in  the  residual 
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charge  of  the  wire,  caused  by  the  unequal  intervals  between  the 
currents,  a  middle  course  (c)  is  adopted :  instead  of  causing  the 
currents  to  cease  altogether,  they  are  weakened  after  the  initial 
impulse — ^in  a  dash  the  strong  marking  current  is  followed  by  a 
weak  current  of  the  same  sign;  and  in  a  similar  manner  the 
initial  spacing  current  is  followed  by  a  weakened  spacing  cur- 
rent. The  potential  of  the  wire  is  by  this  means  kept  more 
uniform. 

Taking  the  letter  r  as  before,  the  tendency  of  the  dot  to  run 
into  the  dash  is  prevented  by  the  wire  being  already  charged 
from  the  weak  spacing  current  preceding  it ;  a  dot  following  a 
dash  is  prevented  from  being  shortened  by  the  weak  marking 
current  during  the  dash. 

No  compensating  current  is  required  in  a  dot,  because,  in 
forming  it,  there  is  no  interval  of  disconnection. 

The  diagrams  facing  page  400  show  the  electrical  portion  of 
Wheatstone's  automatic  appeuratus,  with  the  last  improvements 
(1873).  It  consists  of  three  portions :  the  Perforator  for  pre- 
paring the  paper  ribbon,  the  Transmitter,  and  the  Receiver. 

The  Receiver, — The  writing  is  in  the  ordinary  Morse  code,  the 
writing  disc  is  actuated  by  the  armatures  T  t',  Fig.  6,  which 
are  magnetized  by  induction  from  the  permanent  magnet, 
s  N.  Fig.  7,  is  an  end  view  of  the  electro-magnets. 

The  armatures  are  adjusted  so  as  to  have  no  tendency  to 
move  except  when  acted  on  by  the  current,  therefore  the  inking 
disc  when  brought  into  contact  with  the  paper  continues  to 
mark  till  it  is  removed  by  a  reversed  current.   . 

The  writing  disc  is  caused  to  revolve  by  the  maintaining  power 
of  the  instrument,  and  takes  its  ink  from  the  groove  of  a  larger 
disc,  which  is  also  kept  in  motion  by  the  maintaining  power ; 
this  disc  dips  into  a  reservoir  of  ink,  and  its  groove  being  sup- 
plied by  capillary  attraction,  the  smaller  disc  takes  its  supply 
from  the  larger  one,  without  any  friction  against  it. 

The  paper  ribbon  (Plate  2,  Fig.  8)  is  prepared  by  an  instrument 
containing  three  levers,  one  of  which  produces  two  holes  at 
right  angles  to  the  paper  for  a  dot,  another  two  holes  diagonally 
for  a  dash,  and  a  third  smaller  holes  in  the  centre  of  the  ribbon, 
forming  a  rack  by  which  the  paper  is  carried  forward  in  the 
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transmission  of  a  message.  The  dot  and  the  dash  punch  act 
also  upon  the  third  or  centre  punch.  They  are  cither  struck 
with  a  small  mallet  or  by  pistons  actuated  by  compressed  air. 
In  the  latter  case  the  punching  is  performed  by  means  of  three 
keys,  whose  touch  is  as  light  as  those  of  a  pianoforte.  The 
paper  is  dipped  into  hot  olive  oil. 

The  Transmitter  is  driven  by  a  weight,  and  its  speed  can  be 
adjusted  between  20  and  120  words  a  minute.  The  perforated 
paper  is  carried  forward  by  the  teeth  of  a  star- wheel,  not  shown 
in  the  drawing,  driven  by  the  wheelwork  engaging  the  centre 
row  of  holes  in  the  ribbon,  and  is  kept  in  close  contact  with  the 
star-wheel  by  a  grooved  friction  roller. 

An  ebonite  rocking  beam  R,  Fig.  1,  is  kept  in  constant  motion 
by  a  crank  connected  to  the  wheelworks ;  in  it  are  fixed  two 
metallic  studs,  that  on  the  left-hand  is  connected  to  down-line, 
that  on  the  right  to  one  side  of  the  divided  disc  D. 

Under  the  beam  lie  the  levers  A  and  B,  pivoted  independently, 
but  in  electrical  connection  through  the  frame  of  the  instrument. 
These  levers  are  not  fixed  to  any  of  the  moving  parts  of  the 
apparatus,  but  are  simply  pressed  upwards  by  spiral. springs,  so 
as  to  follow  the  movements  of  the  rocking  beam,  and  so  long  as 
they  remain  in  contact  with  the  studs  inserted  into  this  beam 
there  is  unbroken  connection  between  the  down-line  and  the 
disc  D. 

D  is  the  battery  commutator  or  pole-reversor,  it  is  divided 
into  two  parts,  insulated  one  from  the  other ;  on  each  half  is  a 
stud  which  makes  contact  with  one  or  other  of  the  battery  levers 
G  z,  as  the  disc  is  moved  from  side  to  side ;  the  right-hand  half 
of  the  disc  is  connected  to  the  left-hand  pin  of  the  rocking  beam, 
and  the  left-hand  side  of  the  disc  to  the  up-line.  When  the 
apparatus  is  in  the  position  shown  by  Fig.  1,  zinc  is  connected 
to  up-line,  and  copper  through  the  rocking  beam  and  its  levers 
to  down-line. 

The  disc  D  is  moved  so  as  to  reverse  the  battery  current  by 
the  movements  of  the  rocking  beam  R,  communicated  through 
the  levers  A  b  and  the  rods  h  h',  by  means  of  the  collets  K  K^ 
which  pass  loosely  through  the  pieces  P  p",  fixed  to  the  top  and 
bottom  of  the  disc. 
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As  the  rocking  beam  R  oscillates,  the  reversing  disc  is  pushed 
from  side  by  these  collets,  and  the  roller  e,  which  is  fixed  on  a 
spring,  jerks  it  over  after  it  has  been  pushed  over  the  centre  by 
either  of  the  collets,  and  thus  prevents  the  necessity  of  the 
shoulder  of  the  collets  remaining  close  to  the  pieces  through 
which  they  pass,  which  would  interfere  with  the  contact  between 
the  pins  on  the  rocking  beam  and  the  levers  A  B.  The  roller  also 
retains  the  disc  in  position,  when  pushed  over  by  one  collet, 
until  it  is  pushed  over  to  the  other  side  by  the  other  collet.  A 
pin  shown  white  in  the  diagram  (screwed  into  the  lever  c), 
rests  on  a  piece  of  ebonite  in  the  lower  bar  z,  when  in  the 
neutral  position  (Fig.  2),  so  as  to  prevent  the  battery  being  put 
on  short  circuit  during  the  reversal. 

So  long  as  the  levers  a. and  B  are  able  to  follow  the  movements 
of  the  rocking  beam,  the  circuit  remains  unbroken,  the  reversing 
disc  is  pushed  over  alternately  from  side  to  side,  and  reversals  are 
sent  to  line.  This  happens  so  long  as  there  is  no  paper  ribbon 
to  interfere  with  the  upward  movements  of  the  needles  s  and  M 
attached  to  the  levers  A  and  B.  But  when  a  perforated  paper 
ribbon  is  placed  in  the  apparatus,  the  needles  s  and  M  determine 
whether  line-contact  shall  or  shall  not  be  broken  by  the  oscilla- 
tion of  R;  they  rise  alternately  until  they  touch  the  paper  ribbon 
(Fig.  8) ;  if  there  be  a  hole  opposite  their  points  they  pass 
through  it,  and  the  contact  is  undisturbed;  but  should  there 
not  be  a  hole  their  motion  and  that  of  the  lever  is  stopped,  and 
as  the  stud  on  the  rocking  beam  continues  to  rise,  contact  is 
broken  between  it  and  the  lever.  M  plays  into  the  upper  row 
of  holes  in  the  ribbon  and  regulates  the  marking  currents,  s  into 
the  lower  row  regulating  the  pacing  currents. 

When  a  needle  passes  through  the  paper  the  commutator  disc 
D  is  pushed  over  as  shown  by  Figs.  1  and  2 ;  but  when  the 
needle  is  stopped  by  the  paper,  the  lever  does  not  move  suffi- 
ciently to  enable  the  collet  to  act  on  the  disc,  and  it  remains  in 
its  previous  position.     This  is  shown  by  Figs.  4  and  5. 

The  apparatus  is  arranged  to  produce  signals  in  three  ways : — 

(a)  By  persistent  currents,  as  by  a  double  current  key. 

(6)  By  intermittent  currents,  where  a  signal  is  commenced 
by  a  short  marking  current,  lasting  but  an  instant,  and  finished 

c  0 
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.by  an  equally  short  pacing  current  of  the  opposite  sign,  no 
carrent  whatever  being  sent  in  the  interval,  the  line  being  then 
entirely  disconnected. 

(c)  Signals  are  commenced  and  ended  by  short  currents  in 
the  same  manner  as  in  (b) ;  but  instead  of  the  line  being  discon- 
nected in  the  interval  a  large  resistance  is  inserted,  so  that  the  last 
current  sent  continues  to  flow^  but  is  weakened  by  the  increased 
resistance  of  the  circuit. 

A  resistance  coil  R  is  placed  between  the  studs,  as  shown  in 
the  plate,  so  that  when  connection  is  broken  between  dther  a  or 
B,  and  its  corresponding  stud  on  the  rocking  beam,  the  resist- 
ance is  thrown  into  circuit 

In  a,  all  the  pegs  of  the  resistance  coils  B  are  inserted,  so  that 
the  resistance  of  the  circuit  remains  uniform,  whether  the 
needles  pass  through  the  ribbon  or  not.  But  the  needles  stiU 
continue  to  regulate  the  movements  of  the  commutator  d,  and 
the  apparatus  acts  as  an  ordinary  double  current  key. 

In  (b)  the  infinite  peg  of  the  resistance  coils  R  is  taken  out, 
and  therefore  the  line  is  completely  disconnected  when  either 
needle  fails  to  pass  through  the  ribbon. 

In  (e)  the  resistance  of  R  is  adjusted  until  a  current,  of  the  j 

exact  strength  required  for  compensation,  has  been  obtained.  i 

Fig.  1  represents  the  transmitter  when  sending  a  marking  ' 

curi'ent  The  lever  c,  which  is  in  connection  with  the  oc^per 
pole  of  the  battery,  rests  on  the  left-hand  pin  of  the  reversing 
disc,  which  pin  is  in  connection,  through  the  pins  on  the  beam 
and  the  levers,  with  the  down-line ;  the  copper  pole  is  thus  in 
connection  with  the  down-line. 

The  zinc  pole  of  the  battery  is  in  connection  with  the  up-line, 
through  the  lever  z,  and  right-hand  pin  of  the  disa  Fig.  3 
shows  the  reverse  of  this  position,  when  the  copper  pole  of  the 
battery  is  in  connection  with  the  up-linoy  and  the  zinc  with  the 
down,  so  that  a. spacing  current  is  sent 

The  performance  of  the  apparatus  can  be  best  shown  by  tracing 
the  positions  of  the  transmitter  when  actual  signals  are  being  sent 

Take  for  instance  the  letter  a  (Fig.  9).  The  first  movement  for 
the  dot  is  shown  in  Fig.  1.  The  second  movement  is  shown  by 
Fig.  3.    The  thiinl  movement  is  the  commencement  of  the  dash. 


Pugu  38S,  i'lutt  1.  Tho  wire  Ifsding  from  the  li'ft  liuiid  sidt  of  the  .ti«^  it  in 
!ig-  2,  should  1m  i-uDiiocted  to  the  upper  uf  tUv  two  lerminslB  of  the  trousniitter 
iwitfli  Ifiidiiig  to  the  resista[ii;f  foils  ll,  instt-iiJ  of  to  the  lower  oue. 
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and  is  similar  to  the  first  movemeut  for  the  dots.  The  fourth 
movement  is  similar  to  Fig.  3 ;  but  there  being  no  hole  in  the 
paper  the  lever  cannot  rise,  and  contact  is  broken  at  the  left- 
hand  pin  on  the  beam.  The  disc  is  not  pushed  over,  and  the 
marking  current  continues ;  but  as  it  is  now  sent  through  the 
resistance  coils,  it  may  be  weakened  to  any  desired  extent  by 
modifying  the  resistance.  The  fifth  motion  is  similar  to  Fig.  1, 
with  tiie  exception  that  as  the  needle  N^  cannot  rise,  the  reversing 
disc  stiU  remains  in  the  marking  position,  and  the  weakened 
marking  current  continues  to  pass  through  the  resistance  coils. 

The  sixth  motion  is  represented  in  Fig.  3,  where  there  is  a 
hole  in  the  paper  opposite  the  lever  N,  the  reversing  disc  is 
pushed  into  the  spacing  position  by  the  collet  on  the  rod  H, 
and  a  spacing  current  is  sent. 

In  a  space  the  currents  are  sent  in  a  similar  way,  but  in  a 
reverse  order,  and  during  a  space  of  any  length,  a  continuous 
spacing  current  is  sent  of  the  desired  strengtL 

Fig.  9  shows  the  series  of  movements  and  succession  of 
currents  forming  the  letters  ait,  and  the  numerals  indicate 
the  order  of  the  movements  of  the  needles  s  and  M,  which 
pass  through  the  paper  ribbon,  where  there  is  a  perforation,  and 
are  stopped  by  it  where  no  perforation  is  shown. 

A  higher  speed  is  obtained  by  substituting  a  Bain  receiver 
with  a  sensitive  chemical  paper,  for  the  inkwriter. 


THE  DUPLEX  SYSTEM. 

By  the  Duplex  system  the  working  capacity  of  a  wire  is 
doubled,  as  it  is  possible  to  signal  from  both  ends  of  the 
circuit  at  the  same  time,  independently.  The  system  is  not 
altogether  new,  but  it  had  never  been  usefully  applied  before 
its  revival  in  an  improved  form  by  Mr.  Steams,  to  whom  the 
author  is  indebted  for  a  detailed  description  of  his  methoda  Its 
earlier  failure  was  partly  owing  to  the  same  causes  as  those 
which  affected  the  earlier  trials  of  the  automatic  system. 

c  c  2 
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There  is,  confessedly,  a  great  difficulty  in  realizing  the  prin- 
ciple, and  it  may  be  well  to  make  use  of  more  than  one  method 
of  illustration. 

Telegraphists  are  but  too  well  aware  that  when  two  stations 
dispute  for  the  possession  of  a  circuit,  the  signals  of  each  are 
afTected  by  those  of  the  other.  If  the  instrument  is  a  single 
needle,  it  is  found  that  when  the  direction  of  the  two  currents 
is  the  same,  the  needle  moves  more  strongly  than  usual,  and 
when  the  direction  differs  the  needle  scarcely  moves  at  all.  The 
fact  that  the  effect  of  the  current  received  from  another  station 
is  visible  even  while  one  is  signalling,  is  therefore  familiar,  and 
it  may  not  be  difficult  to  conceive  that,  if  it  were  possible  to 
separate  the  effect  of  the  outgoing  current  on  the  needle,  from 
that  of  the  received  current,  the  signals  of  the  distant  station 
might  be  legible. 

Again,  let  us  consider  what  occurs  in  testing  a  line  wire 
between  two  stations,  for  resistance  with  the  differential  galva- 
nometer. Until  the  resistance  of  the  rheostat  (or  resistance  coils) 
has  been  made  equal  to  that  of  the  line,  the  currents  sent  by  tap- 
ping the  key  attached  to  the  galvanometer  move  the  needle,  in 
the  one  direction  if  the  resistance  of  the  rheostat  is  too  small, 
in  the  other  direction  if  the  resistance  is  too  great.  But  imme- 
diately a  balance  is  obtained^  or  in  other  words,  when  the  two 
resistances  have  been  made  equal,  currents  or  letters  sent  by  the 
key  at  a  do  not  move  the  needle  at  all,  because  the  current 
divides  equally  between  the  coil  connected  to  the  rheostat  and 
that  connected  to  the  line,  which  two  coils  being  wound  in 
opposite  directions  counteract  one  another :  but  each  current  or 
letter  reaches  B  and  can  be  read  off  on  b's  ordinary  instrument, 
which  we  will  suppose  has  been  left  in  circuit. 

If  B  now  holds  down  his  key,  his  current  will  either  aid  or 
oppose,  strengthen  or  weaken,  the  current  sent  by  A  on  the  line^ 
but  can  have  no  effect  on  that  passing  through  the  rheostat,  a's 
galvanometer  will  therefore  move  because  the  balance  has  been 
disturbed.  When  the  two  sets  of  currents  coincide  in  direction, 
more  will  flow  to  the  line  than  through  the  rheostat,  when  they 
differ  the  contrary  effect  will  happen. 

If  instead  of  sending  a  steady  current  B  sends  Morse  letters, 
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tbe  balance  at  A  will  be  disturbed  by  each  cutrent,  and  the 
signals  of  B  will  be  legible  by  a.  For  if  while  A  is  testing,  B 
interrupts,  as  it  is  called,  it  is  clear  that  each  interruption  will 
be  indicated  by  the  movement  of  a's  needl&  But  B  will  not 
be  able  to  read  the  signals  sent  by  A,  because  the  currents  he 
liiuisidf  is  sending  will  pass  through  hie  own  instnimenf^  and 
therefore  interfere  with  and  confuse  A's  signal ;  still  theie  is  no 
reason  to  suppose  that  the  airangement  which  prevents  this 
confusion  as  regards  a,  may  not  be  equally  successful  at  B. 

If  B  now  places  a  differential  galvanometer  in  circuit,  and 
obtains  a  balance  by  means  of  a  rheostat,  as  if  he  were  testing 
the  wire  to  a  ;  liis  own  currents  will  not  affect  his  needle,  but 
the  currents  sent  by  A  will  move  it,  just  in  the  same  manner  aa 
B's  currents  moved  a's  needle. 

So  long  then  as  the  resistance  of  the  rheostats  at  each  end 
are  made  equal  to  the  resistance  of  the  circuit  tested,  each 
station  will  see  tbe  effect  of  the  current  sent  by  the  other, 
although  neither  con  see  the  effect  of  his  own  current. 


Let  A  and  b  (FJg.  137)  represent  the  differential  galvanometers, 
rlieostnts,  keys  and  batteries  at  the  two  stations.  Let  the  copper 
of  the  battery  at  A,  and  the  zinc  of  that  at  B  be  connected  to 
earth ;  so  that  when  both  keys  are  pressed  simultaneously,  tbe 
currents  (low  in  similar  directions  and  assist  one  another. 

(I.)  When  either  station  (say  a)  signals  alone,  the  current 
sent  diviiWs  equally  between  the  line  and  the  rheostat  because 
the  resistaiiees  tahV  a  i  ¥  and  c  e  d  R  are  equal.     But  as  it 
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passes  through  the  two  coils  of  the  galvanometer  at  A  in  oppo- 
site directions  and  as  the  current  in  each  coil  is  of  equal  force, 
its  effects  are  balanced  and  the  needle  is  not  moved. 

At  B,  however,  as  it  passes  through  only  one  of  the  two  coils, 
following  the  path  V  a  e'  r  ;  a  signal  is  produced 

(2.)  If  both  A  and  B  depress  their  keys  at  the  same  moment, 
the  forces  of  the  two  batteries  are  added  one  to  the  other  as  far 
as  the  line  circuit  is  concerned ;  but  the  rheostat  circuit  is  in 
each  case  traversed  by  the  current  from  the  battery  of  its  own 
station  alone.  The  current  is  therefore  stronger  in  each  case  in 
the  coils  connected  with  the  line  than  in  those  connected  wuth 
the  rheostat,  and  consequently  the  needles  of  both  instruments 
are  moved.  The  effect  on  each  instrument  is  similar  to  that 
which  would  be  produced  by  decreasing  the  resistance  of  the 
line,  leaving  the  resistance  of  the  rheostats  unaltered. 

The  batteries  are  generally  so  connected  as  to  assist  one 
another,  but  they  may  be  opposed. 

In  practice  it  is  not  necessary  to  maintain  an  accurate 
balance.  Were  it  not  so,  the  system  would  scarcely  be  applic- 
able to  aerial  lines  on  which  the  resistance  is  subject  to  fre- 
quent large  changes  due  to  loss  of  insulation  from  damp. 

The  earth  connection  to  the  back  stop  of  the  key,  is  not  used 
on  circuits  under  100  miles,  and  it  is  found  the  rheostat  resist- 
ance may  often  be  halved  or  doubled  without  afiFecting  tlie  signals. 

The  duplex  principle  is  applied  to  the  needle  instrument  by 
winding  the  coils  diflferentially.  Electro -magnets  are  wound 
also'  dififerentially,  so  that  the  magnetism  induced  by  the  one  coil 
counteracts  the  effect  of  the  other  so  long  as  equal  currents 
pass  through  the  two,  and  when  the  equality  of  the  currents  is 
disturbed  the  core  is  magnetized  by  the  more  powerful  of  the 
two  to  an  amount  equal  to  their  difference. 

The  two  branches  of  an  electro-magnet  wound  in  the  ordinary 
manner  (Fig.  40,  page  72)  may  be  made  to  counteract  one 
another  by  connecting  the  key  to  the  wire  connecting  the  two 
half  coils,  so  as  to  produce  an  electro-magnet  whose  poles 
are  alike  instead  of  opposite  ;  placing  one  half  in  the  line 
and  the  other  in  the  rheostat  circuit. 

This  arrangement  can  also  be  applied  to  a  polarised  relay. 
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and  ansvers  very  veil  £w  short  lines,  bat  is  euhject  te  grave 
inconveniences  when  used  on  louger  circuite,  because,  even 
supposing  the  two  btanchee  of  the  electro-magnet  to  be  wound 
•so  OS  to  be  perfectly  equal  in  force,  they  are  really  diffe- 
rential in  effect  only  when  the  armature  is  exactly  equidistant 
from  their  poles,  because  its  inductive  effect,  though  slight, 
is  enflicient  to  disturb  the  balance  when  the  magnetized  arma- 
ime  approaches  the  one  and  recedes  from  the  other  during 
Mgnalling.  This  defect  increases  as  the  play  of  the  armature 
is  increased. 

It  is  better,  therefore,  to  wind  the  relay  with  two  equal  and 
parallel  wires,  differentially. 

The  duplex  arrangement  is  also  applicable  to  the  double 
-current  system,  for  each  outgoing  current  is  balanced,  as  will 
■readily  be  seen  by  a  consideration  of  the  effect  upon  a  diffe- 
rential galvanometer. 

•  The  duplex  effect  can  be  also  obtained  by  arranging  the  ap- 
paratus and  line  in  the  form  of  a  Wheatstone  bridge,  placing 
the  Morse  or  relay  in  the  position  ordinarily  occupied  by  the 
galvanometer  of  the  bridge. 


The  rationale  of  this  arrangement  is  precisely  similar  to  that 
of  the  differential.  Neither  instrument  is  affected  by  outgoing 
currents,  so  long  as  the  resistances  of  the  line  and  of  the 
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rheostat  are  equal,  but  if  anything  occurs  to  alter  the  resistance 
of  the  line,  the  instrument  is  affected  precisely  as  if  it  were  the 
galvanometer  used  in  testing  for  resistance,  and  as  a  current 
from  the  distant  station  either  assists  or  counteracts  the  out- 
going current,  it  affects  the  balance  of  the  bridge  precisely  in 
the  same  manner  as  an  alteration  of  resistance. 

When  the  stations  work  singly,  a  portion  of  the  received 
current  passes  from  the  line  through  the  galvanometer  (op 
Morse),  direct  to  earth  through  the  rheostat  B,  and  another  por- 
tion by  C,  A,  and  b,  the  branches  c  and  a  acting  really  as  a  shunt 
on  the  galvanometer. 

It  will  be  seen  that  with  the  bridge  arrangement  the  ordinary 
apparatus,  needle,  Morse,  or  relay  can  be  used  without  alteration, 
but  as  far  as  the  writer's  experience  is  concerned,  the  double- 
winding  or  differential  method  is  preferable,  especially  in  diffi- 
cult cases. 

When  the  circuit  exceeds  about  100  miles,  and  when  it  con- 
tains cable  or  underground  wire,  it  is  found,  especially  in  very 
dry  weather,  that  however  perfectly  the  resistances  are  adjusted, 
the  balance  is  disturbed  by  the  act  of  making  or  breaking  con- 
tact, although  signals  are  correctly  received  when  the  key 
remains  depressed.  The  outgoing  current  has  no  effect  on  the 
relay  while  the  key  is  depressed,  but  when  battery  contact  ia 
made  or  broken,  the  armature  moves  so  as  to  record  a  dot  at 
the  sending  station. 

This  is  due  to  the  static  discharge  from  the  line,  and  must  be 
counteracted  by  making  the  capacity  of  the  artificial  line  or 
rheostat  equal  to  that  of  the  actual  line  by  means  of  condensers. 
When  the  cable  exceeds  a  few  miles  in  length,  its  charge  and 
discharge  occupy  a  longer  time  than  is  required  for  the  charge 
and  discharge  of  the  condenser,  and  it  is  necessary  to  retard 
the  action  of  the  latter,  dividing  the  plates  into  several  groups, 
introducing  resistance  between  the  groups.  The  more  evenly 
the  induction  is  distributed  over  the  artificial  line  formed  by 
the  condensers  and  resistance  coils,  the  more  perfect  is  the 
compensation. 

As  the  rheostat  (the  artificial  line)  forms  a  derived  circuit  for 
the  battery  current,  the  resistance  of  the  battery  must  be  low 
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and  as  a  rule  the  number  of  cells  required  is  greater  than  in  the 
single  or  ordinary  system.  As  the  resistance  of  the  line  con- 
stantly varies  from  the  effect  of  damp  and  other  causes  affecting 
insulation  sometimes  fifty  per  cent,  during  the  day,  the  rheostat 
is  made  adjustable.  The  capacity  of  the  condenser  is  also  made 
variable,  for  the  capacity  of  the  line  varies  with  the  insulation. 

As  it  is  necessary  that  the  resistance  of  the  circuit  shall  be 
uniform  at  all  times,  an  arrangement  is  required  in  the  key  to 
compensate  for  the  resistance  of  the  battery  when  the  battery 
contact  is  open  ;  if  this  is  not  attended  to^  the  circuit  for  incoming 
currents  when  the  key  is  pressed,  is  divided  at  the  key  between 
battery  and  rheostat,  but  when  the  key  is  at  rest  the  circuit  is 
through  the  rheostat  only.  A  resistance  equal  to  that  of  the 
battery  is  therefore  placed  between  the  back-stop  of  the  key 
and  earth. 

This  compensation,  however,  hardly  appears  to  be  absolutely 
necessary  for  short  circuits,  if  the  play  of  the  key  is  very  small 
It  is  not  necessary  under  the  double  current  system,  as  the 
battery  is  always  in  circuit,  and  the  resistance  uniform  in  all 
positions  of  the  key. 

The  rheostat  should  have  a  range  equalling  that  of  the  ex- 
treme difference  in  resistance  of  the  line  as  affected  by  weather, 
and  for  the  finer  final  adjustments  the  coils  may  vary  from  400 
to  40  by  differences,  one  from,  the  other,  of  40  ohms.  No  lower 
resistance  than  40  ohms  is  required. 

The  condenser  in  like  manner  must  be  large  enough  to 
balance  the  capacity  of  the  line  in  the  finest  weather.  The 
smallest  set  of  plates  may  be  equal  to  J  microfarad. 

Fig.  139  shows  the  double  current  duplex  system  employed 
by  the  Post  OfiBce.  The  keys  are  of  the  ordinary  form,  but 
with  as  small  a  break  as  possible.  The  receiver  is  that  used  in 
Wheatstone's  automatic  system,  which  requires  no  relay,  and  is 
wound  differentially ;  the  rheostat  coils  are  arranged  in  a  circle, 
and  contact  is  made  through  two  levers  resembling  the  hands  of 
a  watch,  one  of  which  is  connected  to  the  higher,  the  other  to 
the  lower  resistances. 

The  condensers  are  provided  with  commutators,  by  means  of 
which  their  capacity  is  adjusted  and    resistance    introduced 
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between  the  several  plates  for  the  purpose  of  retardiiig  the 
discharge. 

The  differential  galvanometer  is  used  for  balancing  the  line 
and  rheostat 

BuLES  FOE  Working  Duplex  CiRCurrs. 

The  resistances  at  each  end  should  be  first  approximately 
adj  asted  to  the  length  of  the  line,  so  that  no  signals  are  made 
on  the  home  instrument  when  the  key  is  worked.  One  station 
should  then  send  alphabets  or  words  to  the  other,  an  irregular 
succession  of  signals  being  preferable  to  a  repetition  of  the 
same  letter. 

The  station  who  is  receiving  should  depress  his  k^,  and 
see  if  the  received  signals  are  affected ;  if  this  is  the  case  the 
balance  is  not  perfect.  Should  the  depression  of  the  key. cause 
the  received  signals  to  run  together,  it  is  a  proof  that  too  much 
current  goes  out  to  line,  and  too  little  through  the  resistance 
coils  to  the  earth.  The  resistance  in  the  rheostat  must  in  tliis 
case  be  decreased,  until  the  depression  of  the  key  has  no  effect 
on  the  signals. 

Should  the  signals  have  a  tendency  to  miss,  and  the  dots  be 
too  small  or  lost  altogether  when  the  key  is  depressed,  it  is  a 
proof  that  too  much  current  goes  out  through  the  rheostat 
coils.  The  resistance  in  the  rheostat  must  be  increased,  until 
the  balance  is  obtained,  and  no  effect  is  produced  on  the  signals 
by  moving  the  key. 

When  one  station  has  regulated  and  obtained  a  balance,  he 
should  then  send  alphabets  or  words  to  the  other  station,  who 
will  regulate  in  like  manner. 

On  lines  where  a  condenser  is  used  the  following  rules  may 
be  observed : — 

When,  after  obtaining  a  balance  in  the  ordinary  way  by 
means  of  the  resistance  coils,  the  received  signals  break  up  on 
working  the  key,  but  are  good  when  the  key  is  simply  elevated 
or  depressed,  it  is  a  proof  that  the  condenser  is  not  properly 
balanced,  either  that  the  number  of  plates  ia  too  lai^e  or  too 
small,  but  more  generally  the  latter. 
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Set  the  relay  somewhat  delicately,  and  note  if  a  dot  appears 
on  the  paper  on  depressing  the  key ;  if  so  it  is  a  proof  that  the 
condenser  is  too  small,  and  the  number  of  plates  must  be 
increased,  until  the  dot  disappears  on  the  depression  of  the  key. 
If  no  dot  appears  on  depressing  the  key,  and  yet  the  received 
signals  are  broken,  the  condenser  is  too  large.  Let  the  distant 
station  depress  his  key,  which  will  cause  an  unbroken  line  to 
appear  on  the  paper;  if  now  a  depression  of  the  home  key 
cause  a  momentary  break  in  this  line,  it  is  a  proof  that  there 
are  too  many  plates  of  the  condenser  in  use,  their  number  must 
be  reduced,  until  a  depression  of  the  key  has  no  effect  in  break- 
ing the  line  formed  by  the  distant  station. 

In  any  polarized  arrangement,  such  as  a  Wheatstone  receiver 
or  Siemens'  relay,  the  appearance  of  one's  own  signals  on  the 
paper  when  sending,  is  a  proof  that  too  much  current  is  being 
sent  out  to  line,  and  that  the  resistance  in  the  rheostat  requires 
decreasing ;  but  in  a  direct  writer,  or  any  similar  arrangement 
where  an  ordinary  electro-magnet  with  soft  iron  armature  is 
used,  the  case  is  different;  for  an  excess  of  current,  whether 
going  out  to  line  or  through  the  rheostat  circuit,  will  attract 
the  armature,  and  there  is  nothing,  save  experience,  to  indicate 
whether  the  vesistance  in  the  rheostat  must  be  increased  or 
diminished,  so  that  the  resistance  will  have  to  be  altered  until 
the  outgoing  current  ceases  to  actuate  th«  home  magnet. 

Mr.  Steams  has  favoured  the  Autlior  with  the  following  full 
description  of  his  system. 


Stearns'  SrsTK^f. 

The  Differential  method. — a  and  a'.  Fig.  140,  represent  the 
two  terminal  stations  of  a  line.  The  line  battery  B  at  station 
A  has  its  positive  pole  to  the  line,  and  its  negative  pole  to 
the  earth,  while  the  battery  b'  at  station  a'  has  its  negative 
pole  to  the  line,  and  its  positive  pole  to  the  earth.  R  and 
k'  are  the  receiving-magnets  or  relays,  the  helices  of  which 
are  wound  with  two  wires  of  the  same  resistance  and  having 
an  equal  number  of  convolutions.     These  two  wires  are  wound 
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upon  the  helix  at  the  same  time,  and  consequently  run  side* 
by-side  throughout  the  magnet.  The  outer  end  of  one  of 
these  wires  is  connected  to  the  line-wire,  and  the  inner  end 
of  the  other  wire  is  connected  to  one  terminal  of  the  rheostat 
X,  the  other  terminal  of  which  is  to  earth.  The  remain- 
ing two  ends  of  the  relay  wires  are  joined  together  at  J  and 
connected  to  the  spiing  s,  which  is  carried  by,  but  insulated 
from,  the  lever  /  of  the  transmitter  T,  this  lever  is  connected 
to  earth  by  a  wire  in  which  is  placed  a  resistance  x  equal  to  that 
of  the  battery  B.  When  the  key  is  open  the  spring  s  and 
lever  I  are  in  contact,  and  together  form  a  part  of  the  circuit 
from  the  line  to  the  earth.  The  lever  I  is  provided  with  an 
armature,  and  is  actuated  by  an  electro-magnet,  local  battery, 
and  single- current  key.  The  sounders,  ink-writers,  or  other 
instruments  for  indicating  or  recording  the  received  signals, 
are  operated  by  local  batteries  in  the  usual  manner.  The 
positive  pole  of  the  battery  B  is  connected  to  the  contact 
screw  L  c  is  a  condenser,  one  pole  of  which  is  connected  to 
the  wire  joining  the  relay  and  the  rheostat,  while  the  other  pole 
is  to  earth.  The  rheostats  x  and  x'  are  capable  of  adjustment, 
and  the  resistance  of  each  should  theoretically  be  equal  to  the 
resistance  of  the  line-wire  added  to  that  of  the  battery  and  one 
wire  of  the  relay  at  the  other  station.  Practically  this  is  seldom 
or  never  found  to  be  the  best  working  balance,  owing  to  a 
variety  of  causes,  such  as  the  leakage  of  the  current  to  earth, 
the  cross-leakage  or  contact  from  other  wires,  &c.  The  best 
working  adjustment  is  obtained  by  closing  the  key  at  either 
station,  and  observing  the  character  of  the  signals  received 
from  the  other  station.  If  the  signals  are  too  light,  the  resis- 
tance of  the  rheostat  must  be  increased ;  if  they  are  too  heavy, 
the  resistance  must  be  decreased. 

The  operation  of  the  apparatus,  after  being  adjusted,  is  as 
follows : — If  the  finger  key  at  station  A  be  depressed,  the  circuit 
of  the  local  battery  is  closed  through  the  magnet  T,  and  the 
armature  is  attracted,  thereby  moving  the  opposite  end  of 
lever  ^  so  as  to  bring  the  spring  s  in  contact  with  the  screw  t 
after  removing  it  from  its  previous  contact  with  the  lever  /. 
The  current  fix)m  the  battery  b  will  now  flow  through  screw  t 
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and  spring  s  to  the  junction  of  the  two  relay  wires  at  j,  where 
it  will  divide  into  two  equal  portions,  one  half  of  it  going 
through  one  wire  of  relay  ii  to  and  over  the  line  to  station  a', 
thence  through  one  of  the  wires  of  relay  r'  to  the  junction  j', 
thence  through  spring  s',  lever  l\  and  resistance  coil  x\  to 
the  earth.  The  other  portion  of  the  current  flows  from  the 
junction  J  in  an  opposite  direction  through  the  other  wire  of 
relay  R,  and  thence  through  rheostat  x  to  the  earth.  The 
relay  R  being  thus  acted  upon  simultaneously  by  equal  and 
opposing  currents,  will  remain  entirely  unaflfected.  The  distant 
relay  b',  however,  will  be  affected  by  the  current  passing  over 
the  line  and  through  one  only  of  its  wires  to  the  earth,  and  will 
produce  signals  corresponding  to  the  movements  of  the  key  at 
station  A. 

If  now  the  key  at  station  B  be  depressed,  a  similar  action 
takes  place:  the  current  passes  from  battery  b'  through 
the  screw  ^,  spring  s'  to  junction  /,  where  it  divides,  one-half 
flowing  through  one  wire  of  relay  r'  and  over  the  line,  com- 
bining with  the  current  from  station  A,  and  the  other  half 
returning  to  the  earth  through  the  other  wire  of  relay  R'  and 
rheostat  x'.  Thus  each  relay  is  unaffected  by  the  current  from 
the  battery. at  its  own  station,  or  the  outgoing  current,  but 
responds  to  the  incoming  current,  or  current  from  the  battery 
at  the  other  station. 

It  is  a  matter  of  importance  that  the  resistance  presented 
both  to  the  outgoing  and  incoming  currents  at  each  station  be 
the  same  whatever  may  be  the  position  of  the  keys,  or  trans- 
mitter levers,  at  either  station.    To  secure  this,  coils  x  and  x' 

m 

are  placed  in  the  wires  connecting  the  levers  /,  F  with  the 
earth,  and  the  resistance  of  these  coils  is  made  equal  to  that  of 
the  batteries  at  their  respective  stations.  For  example,  the 
resistance  from  j  through  s,  I  and  x  to  earth  when  the  key  is 
open,  is  the  same  as  from  j  through  s,  t  and  battery  b  to  earth, 
when  the  key  is  closed.  If  this  equalization  be  not  attended 
to,  the  movements  of  the  key  at  either  station  will  disturb  both 
the  magnetic  and  the  static  balances  at  the  other  station. 

Use  and  adjustment  of  the  condenser, — In  signalling  through 
submarine  cables,  or  land  lines  of  considerable  length,  the  retwm 
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diarge  arising  from  static  induction  has  heretofore  been  found  to 
interfere  with  the  operation  of  the  instruments.  To  remedy  this 
difficulty  the  condensers  0  and  o'  are  employed,  being  connected 
in  the  compensating  circuit  If  the  static  capacity  of  the  con* 
de&ser,  and  the  time  and  distribution  of  its  discharge  be  adjusted 
to  those  of  the  line  or  cable,  it  compensates  for  and  removes  the 
efiTect  of  static  induction.  Whatever  static  charge  may  be  in* 
duced  upon  the  line  or  cable  by  the  outgoing  current,  the  equal 
current  going  to  earth  through  x  will  induce  a  corresponding 
charge  in  the  condenser  c>  and  both  being  discharged  through 
the  separate  wires  of  the  relay  K  in  opposite  directions  at  the 
same  time,  produce  no  effect  upon  the  relay ;  the  charge  from 
the  condenser  neutralizing  the  effect  of  that  from  the  line. 

If  the  line  or  cable  be  of  considerable  length,  it  will  receive 
and  give  up  its  charge  more  slowly  than  the  condensers,  and 
although  the  amount  of  the  charge  and  discharge  from  each  may 
be  equal,  a  true  working  balance  will  not  be  obtained  unless  the 
action  of  the  condensers  can  be  in  some  way  retarded.  This 
result  is  accomplished  by  inserting  small  electro-magnet  coils 
between  the  condenser  and  the  instrument,  and  if  several  small 
condensers  are  used,  instead  of  one  large  one,  then  electro-mag- 
nets are  inserted  between  the  several  condensers  at  r^  r^  r*  &a 
(Fig.  14!d).  These  coils  are  provided  with  cores,  which  may  be 
partially  or  wholly  withdrawn,  in  order  to  vary  the  amount  of 
magnetism  imparted,  and  consequently  the  amount  of  retardation 
produced.  The  resistance  of  these  coils  seems  to  be  a  matter  of 
little  importance,  and  they  are  not  usually  over  25  ohms  each ; 
and  it  has  been  found  that  no  amount  of  simple  resistance  will 
produce  the  same  result  as  the  induction  coils.  Simple  resistance 
reduces  the  quantity  of  charge,  without  materially  lengthening 
it  or  modifying  its  quality.  It  will  be  seen  that  the  discharge 
from  each  condenser  is  retarded  more  than  that  from  the  one 
before  it,  thus  c '  is  retard^  by  r\  c*  by  r*  and  r*,  and  so  on ; 
the  discharges  from  all  are  thus  made  to  resemble  that  from 
the  line  or  cable,  not  only  in  amount,  but  in  the  time  of  charge 
and  discharge,  and  also  in  the  distribution  of  the  charge  and 
discharge  during  the  time. 

The  effect  of  these  coils  is,  first,  to  absorb,  as  it  were,  a  por- 
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tion  of  the  initial  disehaige  cnnent  fram  the  coDdenser  by 
beeoming  themselves  magnetic,  or,  in  other  words,  a  portion  of 
the  current  is  prevented  from  acting  upon  the  relay  by  being 
converted  into  rruxgnetism  ;  second,  the  magnetism  of  these  coils 
is,  a  little  later^  re-converted  into  current,  and  adds  to  the 
original  current,  which  has  by  that  time  become  weakened, 
or  contiaues  the  current  after  the  original  current  has  ceased 
altogether. 

A  condenser  of  exactly  the  desired  capacity  is  not  always 
readily  obtained,  and,  theipefore,  some  means  of  adjusting  its 
effects  upon  the  receiving  instrument  is  necessary.  When 
the  capacity  of  the  condenser  is  greater  than  that  of  the  line  or 
cable^  its  effects  upon  the  receiving  relay,  R  (Fig.  140),  can  be 
reduced  by  including  a  portion  of  the  resistance  of  the  compen-> 
sating  circuit  between  the  relay  and  the  point  at  which  the  con- 
denser is  attached  to  the  rheostat  x.  Let  us  suppose  that  the 
capacity  of  tiie  condenser  c  be  greater  than  that  of  the  line,  and 
that  when  it  is  connected  directly  to  the  instrument,  as  in  the 
out,  the  excess  of  its  charge  or  discharge  over  that  of  the  line 
disturbs  the  lelay  lu  If  it  be  connected  at  an  intermediate  point 
of  X,  instead  of  the  point  nearest  the  relay,  it  will  receive  a 
smaller  charge  than  before,  in  consequence  of  the  tension  of  the 
eorrent  having  become  reduced  by  the  resistance  introduced 
between  the  relay  and  the  condenser;  and  a  greater  proportion 
of  this  diminished  charge  will  go  to  earth  through  the  rheostat 
The  condenser  will,  in  fact,  have  been  ahtcnted  by  a  decreased 
resistance.  Thus  a  condenser  of  any  capacity,  greater  than  that 
of  the  line,  may  be  employed 

In  case  the  capacity  of  the  condenser  is  less  than  that  of  the 
line  or  cable;,  resistance  may  be  inserted  between  the  relay 
and  the  Ztne,  the  resistance  of  the  compensating  circuit  being 
ocffreapondisgly  increased,  and  the  condenser  connected,  as 
fiftiown  in  the  cut,  close  to  the  relay.  The  line  will  now  receive. 
8  smaller  charge  than  before,  because  the  tension  of  the  current 
has  become  reduced  by  the  resistance  before  reaching  the  line ; 
while  the  condenser  will  take  a  greater  chaige  than  before, 
because  the  resistance  of  the  compensating  circuit  has  been 
increased  heycnd  the  point  at  which  it  is  attached  to  the  con- 
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denser,  or  in  other  words,  the  condenser  is  now  shunted  by  an 
increased  resistance.  If  the  resistance  introduced  between  relay 
and  line  be  made  considerable,  the  battery  power  may  be  in- 
creased, which  will  cause  the  condenser  to  take  still  higher 
charge.  By  this  means,  a  condenser  of  much  smaller  capacity 
than  the  line  may  be  used. 

Static  discharge  can  be  compensated  by  the  use  of  an  in* 
duction  coil,  or  a  series  of  electro-magnets,  instead  of  the 
condenser. 

The  Bridge  Method. — ^Fig.  141  shews  a  modification  of  the 
system,  or  more  properly  a  diflferent  method,  involving  the 
principle  of  the  Wheatstone  Bridge.  By  this  method  the  single 
or  double  current  Morse,  the  Hughes,  the  Wheatstone  Auto- 
matic, the  Mirror,  or  any  other  form  of  receiving  instrument, 
may  be  used  without  modification. 

The  relay  or  other  receiving  instrument  (Station  A)  is  placed 
in  the  bridge  toire  m  n  between  the  two  arms  u  and  v  of  the 
bridge.  The  outgoing  current  divides  at  J,  one  half  going 
through  the  resistance  coil  v  ta»  terminal  n,  thence  to  and 
through  the  rheostat  X  to  the  earth;  the  other  half  going 
through  the  resistance  coil  u  to  terminal  m,  and  thence  over 
the  line  to  Station  A',  where  it  divides  at  m\  one  portion  going 
through  the  bridge  wire  and  receiving  instrument  r'  to  n\  thence 
through  the  resistance  coil  t/  to  y,  thence  by  the  spring  5', 
lever  l\  and  coil  xf  to  the  earth ;  the  other  portion  going  through 
coil  u'  to  j',  where  it  joins  that  portion  of  the  current  passing 
through  the  receiving  instrument,  thence  to  earth  as  already 
described.  By  varying  the  resistance  of  the  arms  of  the  bridge, 
u'  and  1?',  any  desired  proportion  of  the  arriving  current  may  be 
made  to  pass  through  the  receiving  instrument  r'  ;  and  although 
in  practice  only  about  one-half  the  current  is  thus  utilized,  that 
half  acts  upon  all  the  wire  of  the  receiving  instrument  instead 
of  upon  only  half  the  wire,  as  in  the  difierential  method.  Of 
course,  when  the  resistance  u  is  in  the  same  proportion  to  that 
of  the  line  and  apparatus  at  Station  A',  as  the  resistance  of  v 
is  to  that  of  rheostat  z,  no  part  of  the  outgoing  current  will 
pass  through  the  receiving  instrument,  and  in  this  respect  it 
differs  entirely  from  the  differential  method,  where  the  receiving 
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instrument  is  prevented  from  working — not  by  an  entire  absence 
of  current  but  by  the  presence  of  two  equal  and  opposing 
currents. 

A  convenient  device  for  adjustment  in  this  method,  and  one 
which  enables  inexperienced  clerks  to  manage,  though  they  may 
not  understand  the  principles  of  the  system,  consists  in  varying 
the  relative  proportions  of  u  and  v  by  shifting  the  point  J^  to 
one  side  or  the  other,  to  compensate  for  the  changing  resist- 
ance of  the  line  (Fig.  141  a).  For  this  purpose  resistance  of 
the  arms  of  the  bridge  u"  and  r",  or  a  part  of  each,  is  divided 
into  several  small  and  equal  resistances,  1,  2,  3,  4,  &c.;  and  the 
moveable  arm  p  is  so  arranged  that  it  can  be  moved  towards 
1  or  7,  increasing  the  resistance  of  u"  and  decreasing  that  of  r'', 
or  vice  versd,  as  desired.  The  rest  of  the  connections  are  the 
same  as  in  the  differential  method. 

Repeater. — Fig.  142  shows  the  manner  of  coupling  two  seta  of 
apparatus  together  at  an  intermediate  station,  for  the  purpose  of 
translating  or  repeating  from  one  circuit  to  another.  The  only 
modification  consists  in  conducting  the  local  circuit  from  each 
relay  to  the  local  magnet  of  the  transmitter  on  the  opposite  side, 
i,e.  the  eastern  relay  operates  the  transmitter  on  the  westei^n  side. 
When  an  unpolarised  felay,  in  which  the  armature  is  held  back 
by  a  spring,  is  used,  there  is  considerable  advantage  in  employ- 
ing a  shunt  to  short  circuit  the  relay  after  it  has  done  its  work 
of  closing  the  local  circuit,  for  the  purpose  of  cutting  off  the 
line  current.  This  permits  the  armature  spring  of  the  relay  to 
be  .very  considerably  slackened,  as  it  will  not  have  to  oppose 
the  force  of  a  prolongation  of  the  line  current,  nor  will  the  iron 
become  so  strongly  magnetized. 

Dots  will  be  firmer,  and  sticking  will  be  prevented,  which 
would  otherwise  occur  with  a  weak  spring. 

The  shunt  does  not  appear  to  be  advantageous  when  applied 
to  a  polarized  relay,  where  a  spring  is  not  used. 

The  shunt  ^is  placed  between  the  line  and  the  rheostat  ter- 
minals of  the  relay,  and  is  closed  by  the  lever  of  the  Morse  or 
Sounder,  as  shown  in  Fig.  143. 

In  some  cases  it  is  better  to  prolong  the  contact  of  the  Morse 
lever  by  a  spring,  as  in  Fig.  121  (p.  257),  so  as  to  keep  the  relay 
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shunted  for  a  longer  time  than  when  a  dead  contact  ia  used. 

(Slear7is.) 


The  continuous  current  system  ia  applicable  to  the  Duplex. 
The  method  haa  been  successfully  applied  by  the  Engineet  of 
the  Telejp-aphe  of  the  Madras  Railway.     He  states ; — 

'■'I'he  general  arrangement  will  be  understood  from  Fig.  144, 
in  which  A  and  b  are  two  stations,  and  L  is  the  line  between 
them,  b  and  b'  are  two  equal  batteries  with  the  same  pole  per- 
manently to  earth  in  each  case ;  r  and  r'  are  adjustable  Teaist- 
ances,  1 1  and  i'  i'  are  the  coUs  of  the  receiving  instrument,  the 
part  of  the  coil  I  having*8ay  ten  times  as  many  convolutions  as 
i,  and  those  of  i'  and  i'  having  also  the  same  proportion  between 
thera.  At  the  junctions  between  i  and  t  and  between  i  and  i', 
the  wire  of  the  instrument  is  joined  to  one  terminal  of  a  key, . 
the  other  terminal  being  connected  with  earth. 

"  Let  us  first  suppose  the  insulation  of  the  line  to  be  perfect 
So  long  as  neither  key  is  pressed  the  two  batteries  oppose  and 
neutralize  each  other,  so  that  Uiere  is  no  current  flowing  from 
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either.  Let  ua  pi«as  the  key  at  A.  If  the  reaiatance  r  be  pro- 
perly adjusted  the  two  batteries  will  neutralize  each  other  as 
regarda  the  instrument  at  A.,  whereas  at  B  the  whole  of  the 
current  from  V  will  flow  through  the  instrument  at  B,  cauaing  a 
sigQal  accordingly.  When  the  key  at  b  is  pressed  matters  are 
simply  reversed ;  while  if  both  keys  are  pressed,  each  battery' 
acts  locally  through  the  resistance  coils,  and  the  wires  i  and  i 
of  the  instruments,  antf  both  instruments  are  worked. 

"  The  object  of  the  reaistaace  r  ia  so  to  adjust  the  force  of 
the  current  from  the  battery  b,  that  acting  through  the  small 
number  of  convolutions  %  it  may  balance  and  counteract  that 
from  the  battery  h'  when  the  key  at  a  is  pressed,  and  via  vend. 
Suppose,  for  instance,  that  the  ratio  between  the  internal  resist- 


ance of  h  together  with  r,  is  to  the  resistance  of  the  line  and 
apparatus  atB,a3listolO;  and  further,  suppose  that  the 
magnetic  effect  of  i  is  to  that  of  i,  as  1  to  10,  then  it  is  mani- 
fest that  when  K  is  pressed  the  instrument  at  a  will  be  un- 
affected, for  though  the  current  from  h  is  ten  times  as  strong  aa 
that  from  h',  yet  it  acts  at  a  disadvantage,  having  only  ^th  aa 
many  convolutions  to  act  through  as  that  from  6'. 

"  We  have  seen  that  when  one  key  (say  that  at  a)  only  is 
pressed,  the  current  from  the  distant  station  acta  through  the 
whole  coil  of  the  instrument  there,  it  produces  a  signal  there- 
fore which  ia  fully  as  powerful  as  the  signals  in  ordinary  or 
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single  sending.  Its  action  on  the  instnunent  at  A,  thongh 
neutralized  hy  the  batteiy  acting  locally  there^  is  only  reduced 
by  iV^^'  ^^^^  ^  ^^  ^^  through  ^ths  of  the  convolutions  of 
the  instrument.  Now  when  the  key  at  B  is  pressed,  the  force 
with  which  the  battery  at  A  acts  on  the  instmment  at  A  is 
equal  to  the  force  it  previously  balanced,  and  that  we  have  seen 
is  -^ths  of  the  full  force  of  the  current  as  utilized  in  single 

sending. 

"  The  same  reasoning  applies  to  the  action  of  the  battery 
acting  locally  at  b.  The  loss  of  force  therefore  in  the  case 
above  alluded  to  is  only  i^th  instead  of  ^  as  in  the  differential 
method  previously  described. 

"  Next  let  us  suppose  the  insulation  of  the  line  to  become 
defective  The  leakage  will  cause  a  current  to  flow  out  through 
each  instrument  tending  to  produce  a  signal  All  we  have  to 
do  to  remedy  this  is  [to  give  the  instrument  a  bias  against 
making  a  signal,  equal  and  opposite  to  the  effect  produced  by 
the  leakage  current.  With  most  instruments,  especially  with 
the  polarized  relays  now  almost  universally  employed,  this  is 
done  by  the  ordinary  adjustment  of  the  iustmment,  with  which 
operators  are  already  familiar.  Thus  instead  of  having  con- 
tinually to  adjust  the  balancing  resistance  as  in  the  differential 
method,  we  have  merely  slightly  to  alter  the  position  of  the 
contact  points  in  the  polarized  relay,  or  the  tension  of  the 
spring  in  the  old  form  of  electro-magnet  relay  or  in  direct 
working  instruments." 

The  compensation  for  static  dischai'ge  is  effected  by  means  of 
induction  coils. 


Note.. 

Beferring  to  page  185,  it  should  have  been  there  stated  that 
the  insulation  of  a  line  should  never  be  allowed  to  fall  below 
200,000  ohms  per  mile  in  wet  weather. 


TABLES. 


TABLE  I. 

SQUARES  AND  LOGABITHMS  OF  NUMBEKS  FROM   1   TO   1049. 

Logarithms    are    artificial    numbers    employed    to    facilitate 
calculations. 

Every  logarithm  consists  of  two  parts,  separated  by  a  decimal 
point ;  tbe  latter,  or  decimal  portion,  only  is  given  in  tbe  tables. 
The  former  portion  or  index  is,  in  the  case  of  whole  numbers,  or 
whole  numbers  combined  with  decimal  fractions,  one  less  than 
the  number  of  figures  in  the  corresponding  whole  numbers. 
Thus,  the  index  of  the  logarithm  of  2  will  be  0 ;  the  index  of 
the  logarithm  of  20,  1,  and  so  on.  These  indices  must  always 
be  supplied. 

Multiplication  by  logarithms. — The  sum  of  the  logarithms 
of  two  numbers  equals  the  logarithm  of  their  product. 
Example : — 

Multiply  25  by  36.  Log.  25  =  1-39794 

„     36  =  1-55630 

2-95424  =  log.  900. 
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Division  by  logarithms. — From  the  logarithm  of  the  dividend 
subtract  the  logarithm  of  the  divisor,  the  remainder  will  be  the 
logarithm  of  the  quotient    Example : — 

Divide  900  by  36.  Log.  900  =  295424 

„      36  =  1-65630 

1-39794  =  log.  25. 


©• 


Bide  of  three  hy  logarithms. — Add  together  the  logarithms  of 
the  2nd  and  3rd  terms,  and  subtract  the  logarithm  of  the  1st 
term.    Example : — 

Find  a  4th  proportional  to  36,  25,  and  180. 

Log.  25  =  1-39794 
„  180  =  2-25527 

3-65321 
..     36  =  1-55630 


209691  -  log.  125. 

Involution   by  logarithms. — Multiply  the  logarithm  of  the 
number  by  the  index  of  the  required  power.    Example : — 

Find  the  cube  or  3rd  power  of  8. 

Log.  8  =  0-90309 

3 

2-70927  « log.  512. 

Evolution  by  logarithms. — Divide  the  logarithm  of  the  number 
by  the  index  of  the  root  required.    Example : — 

Find  the  cube  root  or  3rd  root  of  512. 

Log.  512  =  2-70927 -h 3  =  090309  =  log.  8. 

.    From  the  foregoing  examples  it  will  be  seen  that  the  addition 
and  subtraction  of  logarithms  give  results  equivalent  to  the  mul- 
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tiplication  and  division  of  their  corresponding  numbers  ;  while 
the  long  and  diflicult  arithmetical  operations  of  raising  powers 
and  extracting  roots  are  accomplished  by  means  of  simple  mul- 
tiplication and  division. 

To  find  the  logarithm  of  a  number  of  fo%vr  places,  from 
Table  I. — Find  the  logarithm  of  the  first  three  figures  in  the 
table,  and  take  the  difference  between  that  logarithm  and  the 
next  following  logarithm.  Multiply  this  difference  by  the 
fourth  figure  of  the  number,  and  add  one-tenth  of  the  pro- 
duct to  the  logarithm  of  the  first  three  figures.  Example : — 
Required  the  logarithm  of  1344.  The  log.  of  134  is  12710, 
that    of    135    is    13033,    and    the    difference    323.      Then 

V^     =  129,  which  added  to  12710  =  12839.    The  logarithm 

of  1344  will,  therefore,  be  312839,  when  the  proper  index  has 
been  supplied. 

The  contraction  log.  indicates  the  common  logarithm  as  given 
in  the  table. 

Log.  e  indicates  Napier's  system  of  logarithms ;  it  is  some- 
times written  log.  Nap.y  or  log.  not.  a  contraction  for  naiural 
logarithm,  or  hg.  hyp.  for  hyperbolical  logarithm.  The  logarithms 
on  this  system  are  proportional  to  the  common  logs.,  which 
may  be  converted  into  the  Napierian  system  by  being  multiplied 
by  2-3. 
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SQUARES  AND  LOGARITHMS. 


N. 

Squaie. 

1 
Logarithm. 

N. 

Square. 

! 
LogRrithm. 

N. 

Bquara. 

Logarithm. 

50 

2500 

69897 

100 

10000 

00000 

1 

1 

00000 

1 

2601 

70757 

1 

10201 

00432 

2 

4 

80103 

2 

2704 

71600 

2 

10404 

00860 

3 

9 

47712 

3 

2809 

72427 

3 

10609 

01284 

4 

16 

60206 

4 

2916 

73239 

4 

10816 

01703 

5 

25 

69897 

5 

3025 

74036 

6 

11025 

02119 

6 

86 

77815 

6 

8136 

74819 

6 

11236 

02530 

7 

49 

84510 

7 

8249 

75687 

7 

11449 

02938 

8 

64 

90309 

8 

3364 

76348 

8 

11664 

03342 

9 

81 

95424 

9 

8481 

1 

77085 

9 

11881 

03743 

10 

100 

00000 

60 

8600 

77815 

110 

12100 

04189 

1 

121 

04189 

1 

8721 

78533 

1 

12321 

04532 

2 

144 

07918 

2 

8844 

79239 

2 

12544 

04922 

8 

169 

11394 

8 

8969 

79934 

3 

12769 

05308 

4 

196 

14613 

4 

4096 

80618 

4 

12996 

05690 

5 

225 

17609 

5 

4225 

81291 

5 

13225 

06070 

6 

256 

20412 

6 

4356 

81954 

6 

13466 

06446 

7 

289 

23045 

7 

4489 

82607 

7 

13689 

06818 

8 

824 

25527 

8 

'  4624 

83251 

8 

13924 

07188 

9 

861 

27875 

9 

4761 

83885 

9 

14161 

07555 

20 

400 

80103 

70 

4900 

84510 

120 

14400 

07918 

1 

441 

32222 

1 

5041 

85126 

1 

14641 

08278 

2 

484 

34242 

2 

5184 

85733 

2 

14S84 

08636 

8 

529 

86173 

3 

5329 

86332 

3 

15129 

08990 

4 

676 

38021 

4 

5476 

86923 

4 

15376 

09342 

5 

625 

39794 

5 

5625 

87606 

5 

15625 

09691 

6 

676 

41497 

6 

5776 

88081 

6 

15876 

10037 

7 

729 

43136 

7 

5929 

88649 

7 

16129 

10380 

8 

784 

44716 

8 

6084 

89209 

8 

16384 

10721 

9 

841 

46240 

9 

6241 

89763 

9 

16641 

11059 

80 

900 

47712 

80 

6400 

90309 

130 

16900 

11394 

1 

961 

49136 

1 

6561 

90848 

1 

17161 

11727 

2 

1024 

50515 

2 

6724 

91381 

2 

17424 

12057 

3 

1089 

51851 

8 

6889 

91908 

3 

17689 

12385 

4 

1156 

53148 

4 

7056 

92428 

4 

17956 

12710 

5 

1225 

54407 

5 

7225 

92942 

6 

18225 

13033 

6 

1296 

55630 

6 

7396 

93450 

6 

18496 

13354 

7 

1369 

56820 

7 

7669 

93952 

7 

18769 

13672 

8 

1444 

57978 

8 

7744 

94448 

8 

19044 

13988 

9 

1521 

59106 

9 

7921 

94939 

9 

19321 

14301 

40 

1600 

60206 

90 

8100 

95424 

140 

19600 

14613 

1 

1681 

61278 

1 

8281 

95904 

1 

19881 

14922 

2 

1764 

62325 

2 

8464 

96379 

2 

20164 

15229 

3 

1849 

63347 

3 

8649 

96848 

3 

20449 

15534 

4 

1936 

64345 

4 

8836 

97813 

4 

20736 

15886 

5 

2025 

65321 

5 

9025 

97772 

5 

21025 

16187 

6 

2116 

66276 

6 

9216 

98227 

6 

21316 

16435 

7 

2209 

67210 

7 

9409 

98677 

7 

21609 

16732 

8 

2304 

68124 

8 

9604 

99123 

8 

21904 

17026 

9 

2401 

69020 

9  . 

9801 

99563 

9 

22201 

17319 

\ 
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# 

N. 

8qaai-«. 

Logahthm. 

N. 

Square. 

Logarithm. 

N. 

Square. 

Logarithm. 

150 

22500 

17609 

200 

40000 

30103 

250 

62500 

39794 

1 

22801 

17898 

1 

40401 

30320 

1 

63001 

39967 

2 

23104 

18184 

2 

40804 

30535 

2 

63504 

40140 

3 

23409 

18469 

3 

41209 

30750 

8 

64009 

40312 

4 

23716 

18752 

4 

41616 

30963 

4 

64516 

40483 

5 

24025 

19033 

5 

42025 

31175 

6 

65026 

40654 

6 

24336 

19312 

6 

42436 

31387 

6 

66536 

40824 

7 

24649 

19590 

7 

42849 

31597 

7 

66049 

40993 

8 

24964 

19866 

8 

43264 

31806 

8 

66564 

41162 

9 

25281 

20140 

9 

43681 

32016 

9 

67081 

41330 

160 

25600 

20412 

210 

44100 

32222 

260 

67600 

41497 

1 

25921 

20682 

1 

44521 

32428 

1 

68121 

41664 

2 

26244 

20951 

2 

44944 

32633 

2 

68644 

41880 

8 

26569 

21219 

3 

45369 

32838 

3 

69169 

41995 

4 

2G896 

21484 

4 

45796 

33041 

4 

69696 

42160 

5 

27225 

21748 

5 

46225 

33244 

6 

70225 

42324 

6 

27556 

22011 

6 

46656 

33446 

6 

70756 

42488 

7 

27889 

22272 

7 

47089 

33646 

7 

71289 

42661 

8 

28224 

22531 

8 

47524 

33846 

8 

71824 

42818 

9 

28561 

22789 

9 

47961 

34044 

9 

72361 

42976 

■ 

170 

28900 

23045 

220 

48400 

84242 

270 

72900 

43136 

1 

29241 

23300 

1 

48841 

34439 

1 

73441 

43297 

2 

29584 

23553 

2 

49284 

34635 

2 

73984 

43467 

3 

29929 

23805 

8 

49729 

84880 

8 

74629 

43616 

4 

30276 

24055 

4 

60176 

35026 

4 

75076 

43776 

5 

30625 

24304 

5 

50625 

35218 

6 

76625 

43933 

6 

80976 

24551 

6 

61076 

35411 

6 

76176 

44091 

.  7 

31329 

24797 

7 

61529 

85602 

7 

76729 

44248 

^  8 

31684 

25042 

8 

61984 

85793 

8 

77284 

44404 

9 

32041 

25285 

9 

52441 

35983 

9 

77841 

44560 

180 

32400 

25ff27 

230 

62900 

86178 

280 

78400 

44716 

1 

82761 

25768 

1 

63361 

36361 

1 

78961 

44871 

2 

33124 

26007 

2 

63824 

36549 

2 

79524 

45025 

3 

83489 

26245 

8 

64289 

36736 

8 

80089 

45179 

4 

33856 

26482 

4 

64756 

36921 

4 

80656 

45382 

5 

84225 

26717 

5 

65225 

37107 

6 

81226 

45484 

9 

34596 

i26951 

6 

66696 

87291 

6 

81796 

45637 

■ 

7 

34969 

27184 

7 

66169 

87476 

.  7 

82369 

45788 

8 

35344 

27416 

8 

66644 

87658 

8 

82944 

45939 

i 

9 

85721 

27646 

9 

67121 

37840 

9 

83521 

46090 

i 

190 

36100 

27875 

240 

57600 

38021 

290 

84100 

46240 

1 

1 

36481 

28103 

1 

58081 

38202 

1 

84681 

46389 

1 

2 

36864 

28330 

2 

58564 

38381 

2 

85264 

46538 

3 

37249 

28556 

3 

59049 

38561 

3 

85849 

46687 

4 

37686 

28780 

4 

69536 

38739 

4 

86436 

46836 

5 

38026 

29003 

5 

60026 

88917 

6 

87026 

46982 

6 

38416 

29226 

6 

60516 

39093 

6 

87616 

47129 

7 

38809 

29447 

7 

61009 

39270 

7 

88209 

47276 

8 

3i>204 

29666 

8 

61504 

3Q445 

8 

88804 

47422 

9 

39601 

29885 

9 

62001 

39620 

i   9 

89401 

47567 

1 

t 

TABLE   I. 

SQUARES   AND   LOOAUITHUS. 


N. 

BquArey 

Logarithm. 

N. 

Sqnaie. 

Logarithm. 

400 

Sqnan. 

Logarithm. 

800 

•90000 

47712 

850 

122500 

54407 

160000 

60206 

1 

90601 

47857 

1 

128201 

54531 

1 

160801 

60814 

s 

91204 

48001 

2 

128904 

54654 

2 

161604 

60428 

8 

91809 

48144 

3 

124609 

54777 

8 

162409 

60580 

4 

92416 

48287 

4 

125816 

54909 

4 

163216 

60638 

5 

98025 

48480 

5 

126025 

65028 

6 

164025 

60745 

6 

93686 

48*572 

6 

126786 

55145 

6 

164836 

60853 

7 

94249 

48714 

7 

127449 

55267 

7 

165649 

60969 

8 

94864 

48855 

8 

128164 

55888 

8 

166464 

61066 

9 

96481 

48996 

9 

128881 

55509 

9 

167281 

61172 

810 

96100 

49186 

860 

129600 

55630 

410 

168100 

61278 

1 

96721 

49276 

1 

180321 

55751 

1 

168921 

61884 

2 

97844 

49415 

2 

131044 

55871 

2 

169744 

61490 

8 

97969 

49554 

8 

131769 

55991 

8 

170569 

61595 

4 

98596 

49698 

4 

182496 

56110 

4 

171396 

61700 

5 

99225 

49881 

5 

183225 

56229 

6 

172225 

61806 

6 

99856 

49969 

6 

188956 

56848 

6 

173056 

61909 

7 

100489 

50106 

7 

184689 

56467 

7 

178889 

62014 

8 

101124 

50248 

8 

135424 

56586 

8 

174724 

62118 

9 

101761 

50879 

9 

186161 

56708 

9 

175561 

62221 

820 

102400 

50515 

870 

186900 

56820 

420 

176400 

62825 

1 

108041 

50650 

1 

187641 

56937 

1 

177241 

62428 

2 

108684 

50785 

2 

188384 

57054 

2 

178084 

62531 

8 

104829 

50920 

8 

189129 

57171 

8 

178929 

62634 

4 

104976 

51054 

4 

139876 

57287 

4 

179776 

62736 

0 

105625 

51188 

5 

140625 

57408 

6 

180625 

62889 

6 

106276 

51822 

6 

141876 

57519 

6 

181476 

62941 

7 

106929 

51455 

7 

142129 

57634 

7 

182329 

63048 

8 

107584 

51587 

8 

142884 

57749 

8 

188184 

68144 

9 

108241 

51719 

9 

148641 

57864 

9 

184041 

68246 

880 

108900 

51851 

880 

144400 

57978 

480 

184900 

68847 

1 

109561 

51988 

1 

145161 

58092 

1 

185761 

68448 

2 

110224 

52114 

2 

145924 

58206 

2 

186624 

68548 

8 

110889 

52244 

8 

146689 

58320 

8 

187489 

68649 

4 

111556 

52375 

4 

147456 

68438 

4 

188856 

68749 

0 

312225 

52504 

5 

148225 

58546 

6 

189226 

68849 

6 

112896 

52684 

6 

148996 

58659 

6 

190096 

63949 

7 

118569 

52768 

7 

149769 

68771 

7 

190969 

64048 

8 

114244 

52892 

8 

150544 

58888 

8 

191844 

64147 

9 

114921 

58020 

9 

151821 

58995 

9 

192721 

64246 

840 

115600 

58148 

890 

152100 

59106 

440 

198600 

64346 

1 

116281 

53275 

1 

152881 

59218 

1 

194481 

64444 

2 

116964 

58408 

2 

158664 

59829 

2 

196864 

64542 

8 

117649 

58529 

8 

154449 

59439 

3 

196249 

64640 

4 

118886 

58656 

4 

1^5236 

59550 

4 

197186 

64788 

5 

119025 

58782 

5 

156025 

59660 

6 

198026 

64886 

6 

119716 

58908 

6 

156816 

59769 

6 

198916 

64988 

7 

120409 

54088 

7 

157609 

59879 

7 

199809 

65081 

8 

121104 

54158 

8 

158404 

59988 

8 

200704 

66128 

9 

121801 

54282 

9 

159201 

60097 

9 

201601 

65226 

■ 

TABLE   I. 
SQUARES  AND  LOOAKITHIIS. 


BqniiK       Lognlttani. 


TABLE 

I. 

1 

SQUAUF..S  AND  LOGARITHMS. 

• 

1 

N. 

Squane. 

Logaritlun. 

1 
N. 

650 

SqaaroL 

Logarithm. 

N. 

flqfiure. 

Logaiitiim 

600 

860000 

77816 

422500 

81291 

700 

490000 

84510 

1 

361201 

77887 

1 

423801 

81358 

1 

491401 

84672 

2 

362404 

77960 

'   2 

425104 

81425 

2 

492804 

84634 

8 

863609 

78032 

3 

426409 

81491 

3 

494209 

84695 

4 

364816 

78104 

4 

427716 

81558 

4 

495616 

84757 

5 

866025 

78175 

5 

429025 

81624 

6 

497026 

84819 

6 

367236 

78247 

6 

430336 

81690 

6 

498436 

84880 

7 

368449 

78319 

7 

431649 

81766 

7 

499849 

84942 

8 

369664 

78390 

8 

432964 

81822 

8 

601264 

86003 

9 

370881 

78462 

9 

434281 

81888 

9 

602681 

86065 

610 

372100 

78533 

660 

435600 

81964 

710 

604100 

85126 

1 

373321 

78604 

1 

436921 

82020 

1 

605621 

85187 

2 

374544 

78676 

2 

438244 

82086 

2 

606944 

86248 

S 

376769 

78746 

3 

439569 

82151 

8 

608369 

85309 

4 

376996 

78817 

4 

440896 

82217 

4 

609796 

85370 

5 

378225 

78887 

5 

442225 

82282 

6 

611225 

85481 

6 

379456 

78958 

6 

443556 

82347 

6 

612656' 

85491 

7 

380689 

79028 

7 

444889 

82412 

7 

614089 

85552 

8 

381924 

79099 

8 

446224 

82478 

8 

615524 

86612 

9 

383161 

79169 

9 

447561 

82643 

9 

616961 

85673 

620 

384400 

79239 

670 

448900 

82607 

720 

618400 

85733 

1 

385641 

79309 

1 

450241 

82672 

1 

619841 

85798 

2 

386884 

79379 

2 

451584 

82737 

2 

621284 

86854 

S 

388129 

79449 

3 

452929 

82801 

3 

622729 

85914 

4 

389376 

79518 

4 

454276 

82866 

4 

624176 

85974 

5 

390625 

79588 

5 

455625 

82930 

6 

625625 

86034 

6 

391876 

79657 

6 

456976 

82995 

6 

627076 

86094 

7 

393129 

79727 

7 

458329 

83059 

7 

528529 

86153 

8 

3943S4 

79796 

8 

459684 

83123 

8 

629984 

86213 

9 

395641 

79865 

9 

461041 

83187 

9 

631441 

86273 

630 

396900 

79934 

680 

462400 

83261 

730 

632900 

86332 

1 

398161 

80003 

1 

463761 

83315 

1 

534361 

86392 

2 

399424 

80072 

2 

465124 

83378 

2 

635824 

86451 

3 

400689 

80140 

8 

466489 

83442 

3 

637289 

86510 

4 

401956 

80209 

4 

467856 

83506 

4 

638756 

86570 

5 

403225 

80277 

6 

469226 

83569 

6 

640226 

86629 

6 

404496 

80346 

6 

470596 

83632 

6 

641696 

86688 

7 

405769 

80414 

7 

471969 

83696 

7 

643169 

86747 

8 

407044 

80482 

8 

473344 

83759 

8 

644644 

86806 

9 

408321 

80550 

9 

474721 

83822 

9 

646121 

86864 

640 

409600 

80618 

690 

476100 

83886 

740 

647600 

86928 

1 

410881 

80686 

1 

477481 

83948 

1 

649081 

86982 

. 

2 

412164 

8<»753 

2 

478864 

84011 

2 

650564 

87040 

3 

413449 

80821 

8 

480249 

84073 

3 

652049 

87099 

4 

414730 

80888 

4 

481636 

84136 

4 

553536 

87157 

5 

416025 

80956 

5 

483025 

84198 

5 

555026 

87216 

6 

417316 

81023 

6 

484416 

84261 

6 

556516 

87274 

7 

418609 

81090 

7 

485809 

84323  ■ 

7 

558009 

87382 

8 

419904 

81157 

8 

487204 

84385  ;• 

8 

559504 

87390 

9 

421201 

81224 

9 

488601 

84448 

9 

1 

561001 

87448 

TABLE    I. 

SQUAKES   AND  LOOAlilTHMS. 


N. 

760 

Sqoaiv. 

Logaritlun. 

N. 

Square. 

Logarithm. 

1 

1 
'  860 

Squarak 

Logarithm. 

562500 

87506  ; 

800 

640000 

90309 . 

722500 

92942 

1 

564001 

87564 

1 

641601 

90863 

1 

724201 

92998 

2 

565504 

87622 

2 

648204 

90417 

2 

725904 

93044 

8 

567009 

87679 

3 

6448A9 

90471 

3 

727609 

93095 

4 

568516 

87737 

4 

646416 

90526 

4 

729316 

93146 

5 

570025 

87795 

5 

648025 

90579 

5 

731026 

93197 

6 

571536 

87852 

6 

649636 

90683 

6 

732736 

93247 

7 

573049 

87909 

7 

651249 

90687 

7 

734449 

93298 

8 

574564 

87967 

8 

652864 

90741 

8 

736164 

93349 

9 

576081 

88024 

9 

654481 

90796 

9 

787881 

98399 

760 

577600 

88081 

810 

656100 

90848 

860 

789600 

98450 

1 

579121 

88138 

1 

657721 

90902 

1 

741821 

98500 

2 

580644 

88195 

2 

659344 

90956 

2 

743044 

93551 

8 

582169 

88252 

8 

660969 

91009 

8 

744769 

93601 

4 

583696 

88309 

4 

662596 

91062 

4 

746496 

93651 

6 

585225 

88366 

5 

664225 

91116 

5 

748225 

93702 

6 

586756 

88423 

6 

665856 

91169 

6 

749956 

93752 

7 

588289 

88479 

7 

667489 

91222 

7 

751689 

93802 

8 

589824 

88536 

8 

669124 

91275 

8 

753424 

93852 

9 

591361 

88593 

9 

670761 

91328 

9 

755161 

93902 

770 

592900 

88649 

820 

672400 

91381 

870 

766900 

98952 

1 

594441 

88705 

1 

674041 

91434 

1 

758641 

94002 

2 

595984 

88762 

2 

675684 

91487 

2 

760384 

94052 

8 

597529 

88818 

8 

677329 

91540 

8 

762129 

94101 

4 

599076 

88874 

4 

678976 

91593 

4 

763876 

94151 

5 

600625 

88930 

6 

680625 

91645 

5 

765625 

94201 

6 

602176 

88986 

6 

682276 

91698 

6 

767876 

94250 

7 

603729 

89042 

7 

683929 

91750 

7 

769129 

94300 

8 

605284 

89098 

8 

685584 

91803 

8 

770884 

94349 

9 

606841 

89154 

9 

687241 

91855 

9 

772641 

• 

94399 

780 

608400 

89209 

880 

688900 

91908 

!  880 

774400 

94448 

1 

609961 

89265 

1 

690561 

91960 

1 

776161 

94497 

2 

611624 

89321 

2 

692224 

92012 

2 

777924 

94547 

3 

613089 

89376 

8 

693889 

92064 

8 

779689 

94596 

4 

614656 

89482 

4 

695556 

92117 

4 

781456 

94645 

5 

616225 

89487 

5 

697226 

92169 

5 

788225 

94694 

6 

617796 

89542 

6 

698896 

92221 

6 

784996 

94743 

7 

619369 

89597 

7 

700569 

92272 

7 

786769 

94792 

8 

620944 

89658 

8 

702244 

92324 

8 

788544 

94841 

9 

622521 

89708 

9 

703921 

92376 

9 

790321 

94890 

790 

624100 

89768 

840 

706600 

92428 

890 

792100 

94939 

1 

625681 

89818 

1 

707281 

92479 

1 

793881 

94988 

2 

627264 

89872 

2 

708964 

92681 

2 

795664 

95086 

3 

628849 

89927 

8 

710649 

92588 

8 

797449 

95085 

4 

630436 

89982 

4 

712836 

92684 

4 

799236 

95134 

5 

632025 

90037 

5 

714026 

92686 

5 

801026 

95182 

6 

638616 

90091 

6 

715716 

92787 

6 

802816 

95231 

7 

635209 

90146 

7 

717409 

92788 

7 

804609 

95279 

8 

636804 

90200 

8 

719104 

92839 

8 

806404 

95328 

9 

688401 

90255 

9 

720801 

92891 

9 

808201 

95376 

TABLE   I. 

SQUARES  AND   LOGARITHMS. 


N. 


900 
1 
2 
8 
4 
5 
6 
7 
6 
9 

910 
1 
2 
8 
4 
6 
6 
7 
8 
9 

920 
1 
2 
8 
4 
5 
6 
7 
8 
9 

980 
1 
2 
3 
4 
5 
6 
7 
8 
9 

940 
1 
2 
8 
4 
5 
C 
7 
8 
9 


Squire. 


810000 
811801 
813604 
815409 
817216 
819025 
820886 
822649 
824464 
826281 

828100 
829921 
881744 
883569 
835396 
837225 
889056 
840889 
842724 
844561 

846400 
848241 
850084 
851929 
853776 
855625 
857476 
859329 
861184 
863041 

864900 
866761 
868624 
870489 
872356 
874225 
876096 
877969 
879844 
881721 

883600 
885481 
887364 
880249 
891136 
893025 
894916 
896809 
898704 
900601 


Logaritlnn. 

N. 

950 

95424 

95472 

1 

95521 

2 

95569 

8 

95617 

4 

95665 

5 

95718 

6 

95761 

7 

95808 

8 

95856 

9 

95904 

960 

95952 

1 

95999 

2 

96047 

8 

96095 

4 

96142 

5 

96189 

6 

96237 

7 

96284 

8 

96331 

9 

96379 

970 

96426 

1 

96473 

2 

96520 

8 

96567 

4 

96614 

5 

96661 

6 

96708 

7 

96755 

8 

96801 

9 

96848 

980 

96895 

1 

96941 

2 

96988 

8 

97035 

4 

97081 

5 

97127 

6 

97174 

7 

97220 

8 

97266 

9 

97813 

990 

97359 

1 

97405 

2 

97451 

8 

97497 

4 

97548 

5 

97589 

6 

97635 

7 

97681 

8 

97727 

9 

Square. 


902500 
904401 
906304 
908209 
910116 
912025 
918936 
915849 
917764 
919681 

921600 
928521 
925444 
927369 
929296 
931225 
933156 
935089 
937024 
938961 

940900 
942841 
944784 
946729 
948676 
950625 
952576 
954529 
956484 
958441 

960400 
962861 
964324 
966289 
968256 
970225 
972196 
974169 
976144 
978121 

980100 
982081 
984064 
986049 
988036 
990025 
992016 
994009 
996004 
998001 


Logarithm. 


97772 
97818 
97864 
97909 
97955 
98000 
98046 
98091 
98136 
98182 

98227 
98272 
98317 
98363 
98408 
98453 
98498 
98543 
98587 
98632 

98677 
98722 
98767 
98811 
98856 
98900 
98945 
98989 
99034 
99078 

99128 
99167 
99211 
99255 
99299 
99344 
99388 
99432 
99476 
99520 

99563 
99607 
99661 
99695 
99739 
99782 
99826 
99869 
99918 
99956 


N. 


1000 
1 
2 
8 
4 
5 
6 
7 
8 
9 

1010 
1 
2 
8 
4 
-6 
6 
7 
8 
9 

1020 
1 
2 
8 
4 
5 
6 
7 
8 
9 

1080 
1 
2 
8 
4 
5 
6 
7 
8 
9 

1040 
1 
2 
8 
4 
5 
6 
7 
8 
9 


Square. 


1000000 
1002001 
1004004 
1006009 
1008016 
1010025 
1012086 
1014049 
1016064 
1018081 

1020100 
1022121 
1024144 
1026169 
1028196 
1030225 
1032256 
1034289 
1036324 
1038361 

1040400 
1042441 
1044484 
1046529 
1048576 
1050625 
1052676 
1054729 
1056784 
1058841 

1060900 
1062961 
1065024 
1067089 
1069156 
1071225 
1073296 
1075369 
1077444 
1079521 

1081600 
1088681 
1085764 
1087849 
1089936 
1092025 
1094116 
1096209 
1098804 
1100401 


00000 
00048 
00087 
00180 
00173 
00217 
00260 
00308 
00346 
00389 

00482 
00475 
00518 
00561 
00604 
00647 
00689 
00782 
00775 
00817 

00860 
00908 
00945 
00987 
01080 
01072 
01115 
01157 
01199 
01241 

01284 
01326 
01368 
01410 
01452 
01494 
01586 
01578 
01620 
01661 

01708 
01745 
01787 
01828 
01870 
01912 
01958 
01996 
02036 
02077 


TABLE    n. 
NATURAL    SINES   AND    TANGENTS. 


D«8. 
1 

Sine. 

Tangent    , 

Deg. 

Sine. 

Tangent. 

Deg 

Bine. 

Tangent. 

•017 

•017 

81 

•515 

•601 

61 

•874 

1-80 

2 

•035 

•085 

82 

•530 

•625 

62 

•888 

1^88 

8 

•052 

•052 

83 

•544 

•649 

63 

•891 

1  96 

4 

•070 

•070 

84 

•559 

•674 

64 

•899 

2-05 

5 

•087 

•087 

85 

•578 

•700 

65 

•906 

214 

6 

•104 

•105 

86 

•588 

•726 

66 

•918 

2-24 

7 

•122 

•128 

87 

•602 

•758 

67 

•920 

2  85 

8 

•189 

•140 

88 

•615 

•781 

68 

•927 

2  47 

9 

•156 

•158 

89 

•6-29 

•810 

69 

•983 

2^60 

10 

•178 

•176 

40 

•643 

•839 

70 

-939 

2-76 

n 

•191 

•194 

41 

•656 

•869 

71 

•945 

2-90 

12 

•208 

•212 

42 

•669 

•900 

72 

•951 

8-08 

18 

•225  . 

•281 

48 

•682 

•932 

78 

•956 

8-27 

14 

•212 

•249 

44 

•694 

•965 

74 

•961 

8-49 

15 

•259 

•268 

45 

•707 

1-000 

75 

•966 

8  78 

16 

•275 

•287 

46 

•719 

1-03 

76 

•970 

4-01 

17 

•292 

•806 

47 

•781 

1-07 

77 

•974 

4-38 

18 

809 

•825 

48 

•748 

111 

78 

•978 

4-70 

19 

•825 

•844 

49 

•756 

115 

79 

•981 

514 

20 

•842 

•864 

50   . 

•766 

'119 

80 

•985 

5-67 

21 

•858 

•884 

51 

•777 

1-28 

81 

•987 

6-81 

22 

•874 

•404 

52 

•788 

1^28 

82 

•990 

7-n 

28 

•891 

•424 

58 

•798 

1-88 

88 

•992 

8  14 

24 

•407 

•445 

54 

•809 

187 

84 

•994 

9-51 

25 

•422 

•466 

55 

•819 

1-48 

85 

•996 

11  48 

26 

•488 

•488 

56 

•829 

ViS 

86 

•997 

14-30 

27 

•454 

•509 

57 

•888 

1-54 

87 

•998 

19-08 

28 

•469 

•582 

58 

•848 

160 

88 

•999 

28-68 

29 

•485 

•554 

59 

•857 

166 

89 

•999 

57-29 

80 

•500 

•577 

60 

'866 

178 

90 

1000 

Infinite. 

(Hutton's  Tables.) 


TABLE  II  r. 


FOR    THE    CONVERSION    OF    DEGREES   OF   THE    CENTIGRADE    THER- 
MOMETER   INTO    THOSE   OF    FAHRENHEIT. 


Cent. 

P^hr. 

Cent. 

Fkhr. 

Cent 

Fahr. 

0 

82-0 

14 

57-2 

28 

824 

1 

83  8 

15 

59-0 

29 

84-2 

^ 

U6 

16 

60 -8 

80 

86-0 

8 

87-4 

17 

62-6 

81 

87-8 

4 

89-2 

18 

64-4 

82 

89-6 

5 

41-0 

19 

66-2 

88 

91*4 

6 

42-8 

20 

68-0 

34 

93-2 

7 

44-6 

21 

69-8 

85 

96  0 

8 

46-4 

22 

71-6 

86 

96-8 

9 

48-2 

23 

73  4 

87 

98-6 

10 

50  0 

24 

75-2 

88 

100-4 

11 

61-8 

25 

77  0 

89 

102-2 

12 

53  6 

26 

78-8 

40 

104  0 

13 

55-4 

27 

80-6 

41 

105-8 

(Millvr's  CJumistry.) 


TABLE   IV. 
FREXCH    WEIGHTS   AND    MEASUREa 


Uilluoeti  M. 

InchML 

1 

0*039 

2 

0078 

3 

0*118 

4 

0157 

5 

0197 

6 

0-236 

7 

0*275 

8 

0*316 

9 

0-354 

10 

0*394 

15 

0-590 

20 

0-787 

25 

0*984 

80 

1-181 

35 

1-378 

40 

1*675 

Hilliinetres. 

IncheiL 

Mnilinetres. 

Induw. 

*5 

1*771 

125 

4*941 

60 

1*968 

130 

6*118 

55 

2-165 

135 

6-315 

60 

2*362 

140 

6*512 

66 

2*559 

146 

6-708 

70 

2*756 

150 

6*906 

75 

2-953 

156 

6*103 

80 

3149 

160 

6299 

85 

3-346 

165 

6-496 

90 

8-543 

170 

6-693 

95 

3-740 

175 

6*890 

100 

3*937 

180 

7-087 

105 

4-134 

186 

7*284 

110 

4-331 

190 

7480 

115 

4-528 

195 

7-677 

120 

1 

4-744 

200 

7-874 

1  inch  =  25-4  millimetres. 


Inches. 

Feet 

Tarta. 

1  Millimetre    .     . 
1  Centimetre   .     . 
1  Decimetre    .     . 
1  Metre .... 
1  Kilometre     .     . 

0-039 

0-393 

8-937 

89-370 

89,370-790 

3*280 
3,280-899 

1-093 
1,098-633 

Miles    .     .     . 
Kilometres    • 

1 
1*609 

2 
3-219 

8 

4  828 

4           6 
6-437    8-047 

6 
9-656 

7 
11*265 

8 
12*874 

9 

14-484 

Orains  Troy. 

Pounds  Avoirdnpoia. 

1  Milligramme 

1  Centigramme 

1  Decigramme 

1  Gramme 

1  Kilofirramme 

0-015 

0154 

1-543 

15*482 

15,432*348 

•  •  • 

•  •  • 

2*2046 

4*4092 

6*6188 

8-8184 

11*0280 

13*2276 

?^16-4822 

17*6868 

19*8414 

2           „          

8            ..           

4            „           

6            

6 

7  „          

8  „          

9  „          

7,000  grains  Troy  =  1  pound  Avoid upois. 

1  Litre  =  85*275  fluid  ounces  =  170*4  pints  =  61  024  cubic  inches. 

1  cubic  centimetre  =  -0010  cubic  inches. 


TABLE  V. 

MILES,   CHAINS,  YARDS,  AND   FEET. 


MUcs. 

Chns. 

Yds, 

Feet. 

Miles. 

ChM.  Yds. 

Feet 

•125  .  .  . 

10 

220 

660 

4-00  .  . 

.  .  820  7040 

21120 

•25  .  . 

20 

440 

1820 

5  00  . 

.  .  400  8800 

26400 

•50  .  . 

40 

880 

2640 

6-00  . 

.  .  480  10560 

31680 

■75  .  . 

60 

1820 

8960 

7-00  .  . 

,  .  560  12820 

86960 

1*00  .  .  . 

80 

1760 

5280 

800  .  . 

.  .  040  14080 

42240 

200  .  .  . 

160 

8520 

10560 

9  00  .  . 

.  720  16840 

47520 

8-00  .  .  . 

240 

5280 

15840 

10-00  .  . 

.  800  17600 

52800 

Yds. 

Chn. 

Yds. 

Yda, 

Ch«. 

Yd«. 

Ydi. 

Chs. 

Yds. 

50  equal  2 

6 

660 

equal  29 

12 

1250  equal 

66 

18 

100   , 

,   4 

12 

700 

„   81 

18 

1800   „ 

69 

2 

150   , 

»   0 

18 

750 

„      S4 

2 

1350   ,, 

61 

8 

200   , 

,        0 

2 

800 

„   86 

8 

1400   „ 

68 

14 

250   , 

.   11 

8 

860 

„      88 

14 

1450   ,, 

66 

20 

800   , 

f      18 

14 

900 

M   40 

20 

1500   ., 

68 

4 

850   , 

,   15 

20 

950 

„   48 

4 

1550   ,, 

70 

10 

400   , 

,   18 

4 

1000 

,>   45 

10 

1600   „ 

72 

16 

450   , 

,   20 

10 

1050 

„   47 

16 

1650   „ 

76 

0 

500   , 

,   22 

16 

1100 

„   50 

0 

1700   „ 

77 

6 

550   , 

,      25 

0 

1150 

n    52 

6 

1760   „ 

79 

12 

600   , 

,   27 

6 

1200 

..   54 

12 

Chs.      Yds. 

j   Cbs.      Yds. 

Ch».      Yds. 

• 
Chs.     Yds. 

1  equal  22 

,   21  equal  462 

41  equal  902 

1   61  equal  1342 

2   , 

44 

1   22   , 

,   484 

42  , 

,   924 

62   ,,  1364 

8   , 

66 

!   23   , 

,   506 

48   , 

,   946 

63   ,,  1386 

4   , 

,   88 

24   , 

,   628 

44   , 

,      968 

64   ,,  1408  . 

5   , 

,   110 

26   , 

,      650 

46   , 

,   990 

65      „    1430 

6  , 

,   132 

I   26   , 

,   672 

46   , 

,  1012 

66   „  1462 

7   , 

,   164 

27   , 

,   594 

47   , 

,  1084 

67   „  1474 

8   , 

,   176 

28   , 

,   616 

48  , 

,  1066 

1   68   ,,  1496 

9  f 

,   198 

29   , 

,   638 

49  , 

,  1078 

69   „  1518 

10   , 

,   220 

80      y 

,   660 

50   , 

,  1100 

70   „  1540 

11   , 

,   242 

81   , 

f      682   ! 

61   , 

,  1122 

71   „  1562 

12   , 

,   264 

82   , 

.   704 

62   , 

,  1144 

72   „  1584 

18   , 

,   286 

88   , 

,   726 

63   , 

,  1166 

78   „  1606 

14   , 

,   808 

34   » 

,   748 

64   , 

,  1188 

74   „  1628 

15   , 

,   880 

86   , 

,   770 

65   , 

,  1210 

76   „  1660 

16   , 

,   852 

36   , 

,   792 

66   , 

,  1232 

76   „  1672 

17   , 

,   374 

87   , 

,      814 

67  ; 

,  1264 

77   „  1694 

18   , 

,   396 

88   , 

,   886 

68   » 

,  1276 

78   „  1716 

19   , 

,   418 

89   , 

,   858 

67   , 

,  1298 

79   „  1738 

20   , 

,   440 

40  , 

,      880 

60   , 

,  1820 

80   „  1760 

\  mile. 

• 

4  mile. 

)  mile. 

1  mile. 

1  Statute  MUe =1760    yards,  or  5280  feet. 

1  Nautical  Mile  (kno^  or  uaut)  =  20271  „  „  6088  „ 
1  Admiralty  Knot  .  .  .  .  =  2026f  „  „  6080  „ 
1  Telegraph  Knot =  2029      „     „     6087   „ 

£  E 


1 


TABLE  VI. 

KNOTS  AND  OTATUTE  MILEa 


KU. 
1 

Miles. 

Kts. 
21 

MUe& 

Kts. 

Milefl. 

1 

Kts. 
61 

MUes. 

1 
Kts. 

81 

Miles. 

1-1528 

24-2096 

41 

47-2664 

70*3232 

93-3800 

2 

2-8067 

2 

25 -8626 

2 

48-4193 

2 

71-4761 

2 

94-5329 

8 

8-4585 

8 

26-5153 

8 

49-6721 

3 

72*6289 

8 

95-6857 

4 

4-6114 

4 

27-6682 

4 

60-7260 

4 

73-7818 

4 

96  8386 

5 

57642 

5 

28-8210 

5 

61-8778 

6 

74*9346 

5 

97*9914 

6 

6-9170 

6 

29*9788 

6 

63-0306 

6 

76-0874 

6 

991442 

7 

8-0699 

7 

81  1267 

7 

64-1835 

7 

77-2403 

7 

100-2971 

8 

9-2127 

8 

32-2795 

8 

55-3363 

8 

78*3931 

8 

101*4499 

9 

10-3756 

9 

83-4324 

9 

66*4892 

9 

79-5460 

9 

102-6028 

10 

11-5284 

30 

84*5852 

50 

67-6420 

70 

80-6988 

90 

103-7656 

1 

'  12-6812 

1 

35-7380 

1 

68-7948 

1 

81*8516 

1 

104*9084 

2 

18-8341 

2 

36-8909 

2 

69-9477 

2 

83-0045 

2 

106-0618 

8 

14-9869 

3 

38-0437 

8 

61-1005 

3 

84*1573 

3 

107*2141 

4 

16-1398 

4 

89-1966 

4 

62-2534 

4 

86-8102 

4 

108*3670 

6 

17-2926 

5 

40-3494 

5 

63-4062 

'     5 

86-4630 

6 

109-6198 

6 

18-4454 

6 

41-6022 

6 

64-6590 

;  6 

87-6168 

6 

110-6726 

7 

19-6983 

7 

42-6551 

7 

66-7119 

,    7 

88-7687 

7 

111-8255 

8 

20-7511 

8 

43-8079 

8 

66-8647 

'    8 

89-9215 

8 

112-9788 

9 

21-9040 

9 

44-9608 

9 

68-0176 

9 

91-0744 

9 

114*1312 

20 

23-0568 

40 

46-1136 

60 

1 

69-1704 

80 

92-2272 

100 

115*2840 

STATUTE  MILES  AND   KNOTS. 


Stat. 
Miles. 

Knots. 

Stat. 
Miles. 

Knots. 

Stat. 
Miles. 

Knots. 

Stat. 
Miles. 

Knots, 

1 

Stat. 
>  MilcK. 

81 

Knots. 

1 

0-8674 

21 

18-2168 

41 

85*5643 

61 

62-9128 

70-2612 

2 

1-7848 

2 

19-0833 

2 

86*4318 

2 

63-7802 

2 

71-1286 

8 

2-6023 

8 

19-9607 

8 

87-2992 

8 

64-6476 

8 

71-9960 

4 

8-4697 

4 

20-8181 

4 

38-1666 

4 

66 -6160 

4 

72*8636 

6 

4-3371 

6 

21-6856 

5 

89-0340 

5 

66-3825 

5 

73-7309 

6 

6-2045 

6 

22  •6680 

6 

39-9014 

6 

67-2499 

6 

74-5983 

7 

6*0719 

7 

23-4204 

7 

40-7689 

7 

68*1173 

7 

76-4657 

8 

6-9394 

8 

24-2878 

8 

41  -6363 

8 

68-9847 

8 

76*8332 

9 

7-8068 

9 

25-1562 

9 

42-5037 

9 

69-8621 

9 

77*2006 

10 

8*6742 

80 

26  0227 

60 

43-3711 

70 

60-7196 

90 

78*0680 
78*9364 

1 

9-5416 

1 

26-8901 

1 

44-23^6 

1 

61  -5870 

1 

2 

10-4091 

2 

27-7675 

2 

45-1060 

2 

62-4544 

2 

79-8028 

8 

11  -2765 

8 

28-6249 

8 

45-9734 

8 

63  "3218 

8 

80*6703 

4 

12-1439 

4 

29-4924 

4 

46-8408 

4 

64-1892 

4 

81-5877 

6 

18  0113 

5 

80-3598 

6 

47-7082 

5 

66-0567 

6 

82-4051 

6 

18-8787 

6 

31  -2272 

6 

48-6757 

6 

65-9241 

6 

88-2725 

7 

14-7462 

7 

82-0946 

7 

49*4431 

7 

66-7915 

7 

84-1400 

8 

15*6136 

8 

82*9620 

8 

50-8105 

8 

67-6590 

8 

86*0074 

9 

16-4810 

9 

88-8295 

9 

61*1779 

9 

68-5264 

9 

86*8748 

20 

17*3484 

40 

84-6969 

60 

62*0453 

80 

69-8938 

100 

86*7422 
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TABLE  VIII. 


SHOWING   THE  STRAIN   CORRESPONDING  TO  THE  SAO  OR   DIP  OF   A 

WIRE  SUSPENDED  AT  BOTH   ENDS. 


Saginlnchei. 

No.  8  Wire 

(oTdiDAiy), 

88  yards  span. 

No.  8  Wire 

(ordinaryX 

110  yaids'  span. 

Ko.  11  Wire 

(homogcneoQsX 

110  yaida'  span. 

No.  11  Wire 

(ordJnaryX 

110  yards'  span. 

■| 

lbs. 

lbs. 

Iba. 

lbs. 

24 

313 

429 

266 

£134 

28 

826 

448 

£80 

235 

22 

340 

467 

291 

246 

21 

859 

486 

302 

257 

20 

377 

504 

318 

263 

19 

897 

582 

824 

a8o 

18 

418 

560 

336 

294 

17 

448 

5S8 

855 

308 

16 

477 

616 

874 

322 

15 

510 

39fl 

336 

14 

543 

420 

355 

18 

588 

448 

874 

12 

6fl4 

476 

393 

11 

690 

504 

420 

10 

756 

'•  ■  • 

448 

0 

841 

•  mm 

476 

8 

9a6 

•  •  • 

504 

7 

1,018 

•  ■  • 

•  •  • 

The  laiger  figures  are  the  results  of  actual  observation,  the  smaller  are  filled  in  from 
calculation.  The  differences  from  the  theoretical  values  are  caused  by  the  stillness  of 
the  wire,  which  prevents  it  taking  the  true  curve.  The  table  may  be  useful  as  showing 
that  relation  between  sag  and  strain  which  is  likely  to  be  met  with  in  practice. 


TABLE  IX. 


IRON  AND  COPPER  WIRE. 


IRON  WIRE. 


Diameter. 

Area  of 
Section. 

Welcrht 
of  100 
yards. 

Weight 

of 
1  mile. 

Length 
Icwt 

Breaking 

Strain. 

Hard 

Soft 

Wire. 

Wire. 

Milli- 

Indies. 

metres. 

Sq.  In. 

Lbs. 

Lbs. 

Yanls. 

Lbs. 

Lbs. 

00 

0-363 

9-21 

0-103 

102-00 

1794 

110 

8600 

6000 

0 

0-331 

8-40 

0-086 

84-72 

1490 

132 

7100 

4760 

1 

0-300 

7-61 

0-071 

68-75 

1210 

162 

6000 

4000 

2 

0-2S0 

7-11 

0002 

59-90 

1054 

187 

4850 

8400 

3 

0-260 

6-60 

0-053 

51-65 

909 

215 

4000 

2900 

4 

0-240 

6-10 

0-045 

44-00 

775 

255 

3400 

2500 

5 

0-220 

5-59 

0-038 

37-00 

651 

3('3 

2960 

2200 

6 

0-200 

5-08 

0-031 

30-56 

538 

361 

2500 

1800 

7 

0185 

4-69 

0-0265 

26-15 

461 

4-28 

2200 

1520 

8 

0170 

4-31 

0-023 

22-10 

389 

509 

1750 

1200 

9 

0-1 55 

3-93 

0-0195 

18-36 

8-23 

609 

1500 

950 

10 

0-140 

3-55 

0  016 

14-97 

264 

747 

1200 

820 

11 

0-125 

3-17 

0-0125 

11-95 

211 

939 

820 

650 

12 

0-110 

2-79 

0-010 

9-24 

163 

1244 

710 

610 

13 

0-095 

2-41 

0-0071 

7-05 

124 

1689 

640 

400 

14 

0-085 

2-15 

0-0057 

5-51 

97 

2031 

510 

850 

15 

0075 

192 

0-0044 

4-29 

76 

26<i8 

410 

800 

16 

0-065 

1-65 

0-0033 

3-22 

57 

8473 

350 

200 

17 

0-057 

1-44 

0-0026 

2-48 

44 

4515 

280 

150 

18 

0-060 

1-27 

0-0020 

1-91 

34 

5600 

200 

115 

19 

0-045 

114 

0  0016 

1-55 

27 

7246 

150 

85 

20 

0-040 

1-01 

0-0013 

1-22 

21 

91'J8 

110 

65 

21 

0-035 

0-88 

o-ooio 

0-94 

17 

11980 

85 

50 

22 

0-030 

0-76 

0-0007 

0-69 

12 

16300 

65 

40 

The  above  table  bas  been  supplied  by  Messrs.  Johnson  and  Nephew,  of  Manchester; 
the  soft  wire  is  that  manufactured  by  them  expressly  for  telegraphic  purposes. 

Birmingham  Wire  Gauge. — The  diameters  of  the  several  gauges  must  be  considered 
approximate  only.  There  is  no  authorized  standard,  and  the  sizes  of  different  makers 
vaiy  considerably. 


TABLE  lX.—{c(mtimuc[), 


OOFPSB  WIRB. 


(Haa.) 


Ill 

Diinuter. 

Number  of 
Tudshi 
Ipouud. 

WeUhtinllM. 

oflmile 
(1700  yardsX 

Bairiftuioe  of 

1  mile  of  pure 

Copper  et 

STFabr. 

ifir 

H 

Indies 
-2802 

Milll- 
metres. 

5-847 

2-095 

840-09 

1-00 

o«. 

5 

•226 

5-740 

2-175 

809-20 

1-088 

6 

•198 

5  029 

2-884 

62100 

1-352 

7 

•188 

4-648 

8  817 

580-59 

1-588 

8 

•175 

4-445 

8-628 

485-10 

1-731 

9 

•160 

4-064 

3-350 

404-60 

2-068 

10 

•186 

8  454 

6  007 

292-99 

2-867 

11 

•128 

8-251 

6-781 

259-55 

8-237 

12 

•107 

2-717 

9705 

181-85 

4-628 

18 

•10 

2-64 

11-11 

158-41 

5-300 

a  •■ 

•092 

2-386 

18-125 

184-40 

6-266 

1<4 

•08 

2  082 

17-36 

101-39 

8-288 

15* 

•07 

1-778 

22-67 

77-63 

10-82 

16 

•065 

1-651 

26-29 

66-96 

12-25 

•  •  • 

•0625 

1-587 

28-472 

61-81 

13-59 

^ 

•  •  • 

•06 

1-521 

30-864 

57-02 

14-73 

17 

•058 

1-478 

83-08 

53-29 

15-76 

•  •  • 

•056 

1-422 

85-432 

49-67 

16-91 

' 

•  ■• 

-054 

1-871 

88-104 

46-19 

1818 

•  •  • 

•052 

1-82 

41-091 

42-83 

19-61 

■  i 

18 

•05 

1-274 

44-444 

89-60 

21-21 

••• 

•048 

1-219 

48-225 

36-50 

28-02 

•  •  • 

•046 

1-168 

52-51 

83-52 

25-06 

19 

•044 

1-117 

57-89 

30-67 

27-89 

•  ■  • 

-042 

1-066 

62-98 

27-94 

80-06 

20 

-04 

1016 

69-444 

25-34 

33-14 

J 

•  •  • 

•088 

-965 

77-16 

22-81 

36-72 

^ 

21 

•086 

-914 

85-766 

20-52 

40-92 

•  •• 

•084 

-864 

95-29 

18-47 

45-48 

•  •  • 

•082 

•818 

108-5 

16-22 

51-79 

1 

22 

•08 

•762 

123-46 

14-26 

58-98 

•  *  • 

•028 

•711 

141-72 

12-42 

67-65 

23i 

•026 

•660 

164-86 

10-71 

78-46 

1 

24* 

•024 

•609 

192-9 

9-12 

92-08 

) 

25 

•022 

'56S 

229-56 

7-61 

109-58 

1 

26 

•02 

-508 

277-78 

6-38 

• 

132-59 

) 

TABLE   IX.—{co7itinued). 


COPPER  WIR& 

. 

Birmingham 
(Approximate). 

1 

Diameter. 

Namber  of 

yardfl  in 

1  pound. 

Weitditinlha. 

or  1  mile 
(1780  yarda). 

Resistance  of 

1  mile  of  pore 

Copper  at 

Sa'^Fahr. 

Approximate 

▼eight  of  Snk 

required  to  corer 

a  pound  of  Wire 

singly 

27 

Inches. 
•018 

MlUi- 
metrea. 

•457 

842-94 

613 

163-69 

OS. 

) 

28 

•016 

•406 

484  08 

4-05 

207-17 

'    1 

30 

•014 

•856 

669-51 

3-09 

270-58 

)         ! 

1 

31 

•012 

•806 

771-60 

2-28 

368-80 

82 

•01 

•254 

1111-11 

1^68 

530-85 

84 

•0096 

•241 

1281  •lO 

1-48 

587-64 

■    H 

•  •  • 

•009 

•228 

1371-7 

1-28 

654-75 

86 

•0086 

•216 

1687  8 

1-14 

784-06 

J 

86 

•008 

•208 

1786  1 

1^01 

828-67 

) 

•  •  • 

•0076 

•190 

1976  8 

0^8910 

942*84 

' 

•  •  ■ 

•007 

•177 

2267-6 

0^7761 

1082-4 

) 

87 

•0066 

•166 

2629  9 

0*6692 

1225-8 

\ 

88 

•006 

•162 

8086*4 

0*5702 

1478  1 

[     2| 

•  •  • 

•0056 

•189 

8678-1 . 

0-4791 

1768  2 

•  •  ■ 

•006 

•127 

4444  4 

0-8960 

2121-4 

) 

89 

•0045 

•114 

5487-0 

0-3207 

2619-0 

40 

•004 

•106 

6944^4 

0-2534 

83147 

•  • 

•0086 

•088 

9070-8 

0-1945 

4829-4 

41 

•008 

•076 

12846  •O 

0-1426 

5892-7 

. 

•  •  • 

•0026 

•068 

17777^0 

0-099 

8485*6 

To  find  the  percentage  of  Conductivity  in  a  sample  of  wire,  pur§  copper  being  taken 
oi  =  100  :— 

DiTide  the  resistance  of  1  mile  of  pure  copper  wire  of  the  same  sise  (column  6),  by  the 
actual  resistance  of  1  mile  of  the  wire  tested  (reduced  to  82"  Fahr.)^  and  multiply  by  lOO, 


TABLE  X. 

AMKRICAN  "WIRE  GAUGE. 


No.  of 

Si2e  of  each  No. 

Wkioht  or  Wire,  pbb  1000  Lineal  Fbet. 

Gauge. 

Wrought  Iron. 

BteeL 

Copper. 

Brass. 

Inch. 

LbB. 

Lbfl. 

Lbs. 

Lbs. 

0000 

•46000 

560-74 

666-08 

640^51 

605-18 

000 

•40964 

444^68 

448^88 

607-96 

479-91 

00 

•36480 

852-66 

85599 

402^83 

380-67 

0 

•82486 

279-67 

282-30 

819^45 

801-82 

1 

•28930 

221-79 

223-89 

253"34 

239-85 

2 

•25763 

175^89 

177-55 

200^91 

189-82 

8 

•22942 

189^48 

140^80 

169-32 

150-52 

4 

•20431 

110^62 

111-66 

12635 

119-38 

5 

•18194 

87-720 

88-548 

100^20 

94-666 

6 

•16202 

69-565 

70-221 

79-462 

75075 

7 

•14428 

55-165 

55-685 

63-013 

59-545 

8 

•12849 

48-751 

44-164 

49-976 

47-219 

9 

•11443 

34^699 

35-026 

89-636 

37-437 

10 

•10189 

27-512 

27-772 

81-426 

29-687 

11 

•090742 

21-820 

22-026 

24-924 

23-549 

12 

•080608 

17-304 

17-468 

19-766 

18-076 

Id 

•071961 

18-722 

13^851 

15-674 

14-809 

14 

■064084 

10-886 

10-989 

12-435 

11-746 

15 

•057068 

8-631 

8-712 

9-859 

9^816 

16 

•050820 

6-846 

6-909 

7-819 

7-687 

17 

•045257 

5-427 

5-478 

6-199 

5-857 

18 

•040308 

4-304 

4-344 

4-916 

4-645 

19 

•035890 

8-413 

8-445 

3-899 

3-684 

20 

•081961 

2-708 

2-784 

3-094 

2-920 

21 

•028462 

2-147 

2167 

2-452 

2-817 

22 

•025347 

1-703 

1-719  . 

1-945 

1-838 

23 

•022571 

1-850 

1-363 

1-542 

1-457 

24 

•020100 

1-071 

1-081 

1-228 

1-165 

25 

•017900 

0-8491 

0-8571 

•9099 

0^9163 

26 

•015940 

0-6734 

0-6797 

-7692 

0-7267 

27 

•0141D6 

0-5340 

0-5391 

•6099 

0^5703 

28 

•012641 

-  0-4236 

0-4275 

•4837 

0-4570 

29 

•011257 

0-3358 

0-3389 

•8835 

0-3C24 

80 

•010025 

0-2663 

0-2688 

•8042 

0-2874 

81 

•008928 

0-2113 

0-2132 

•2413 

0-2280 

32 

•007950 

01675 

0-1691 

•1913 

•1808 

S3 

•007080 

01828 

01341 

•1517 

•1434 

84 

•006304 

0^1053 

0-1063 

•1204 

•1187 

85 

•005614 

•08366 

•08445 

•0C56 

•09015 

86 

•005000 

•06625 

•06687 

•0757 

•0716 

37 

•004453 

•05255 

-05304 

•06003 

•05671 

88 

•003965 

•04166 

•04205 

•04758 

•04496 

89 

•003531 

•03305 

•03336 

•03775 

•0356G 

40 

•003144 

•02G20 

•02644 

•02992 

•02827 

Specific  Gkavity     . 
Weight   per   Cubh; 
Foot 


{From  Kystrom'b  Poclcthook,) 


TABLE  XI. 

RESISTANCES  IN  OHMS  OF  METALS  AND  ALLOYS  AT  0**  CENTIGRADE 

(32"  FAHRENHEIT). 


UETAIJR  AND  ALLOYS. 

1 

1 
1 

Relative 

Resistances, 

Silver  =  1. 

Resistance  of 
a  wire  one 
foot  l(>ng, 

weighing  one 
gniiu. 

Resistance  of 

a  wire  one 

foot  long, 

l-lOOOth  inch 

in  diameter. 

Approximate 

percentage  of 

variation  in 

r<>6i8tance  per 

degree  of 

temperature  at 

20°  C. 

1  Silver,  annealed  .... 

1-00 

0-2214 

9-986 

0-377 

1 

1      ,,      hard  drawn    .     . 

0-92 

0-2421 

9  151 

•  « ■ 

Copper,  annealed      .     . 

1 

0-98 

0-2064 

9788 

0-388 

,,       hard  drawn  .     . 

1-00 

0-2106 

9-940 

•  •  • 

Gold,  anncakd     .     .     . 

1-26 

0-5849 

12-52 

0-365 

,,     hard  drawn     .     . 

1-23 

0-6950 

12-74 

•  •  • 

;  Brass 

4-50 

a  •  « 

•  ■  ■ 

■  •  ■ 

1  Aluminium,  annealed 

178 

0-1085 

17-72 

•  •  • 

!  Platinum,  annealed . 

5-54 

8-536 

55-09 

>  •  • 

iron,  annealed     .     . 

6-95- 

1  -2425 

69-10 

a  ■  • 

Tin,  pressed    .     .  •  . 

8-09 

1-317 

80-36 

0-365 

Lead,  pressed  .     .     . 

12-02 

8-236 

119-89 

0-887 

Geiman  Silver,  hard  or 
nealed     .... 

an- 

12-81 

2-C52 

127-32 

0-044 

Platinum  Silver  aUoy,  hard 
or    annealed   (two   parts 
Platinum,  one  part  Silver) 

14-93 

4-243 

148  35 

0-081 

Mercury,  liquid   .... 

60-38 

18-740 

600-0 

0-072 

Let  it  be  requii-ed  to  know  the  resistance  at  0^  of  a  conductor  of  pure  hard  copper, 
weighing  400  lbs.  per  knot.  This  is  equivalent  to  460  grains  per  foot.  The  resistance  of 
a  wire  weighing  one  grain  per  foot  is  0  -2106  ;  therefore,  the  resistance  of  a  foot  of  wire 

weighing  460  grains  will  be  -i^,-jr-,  but  the  resistance  of  one  knot  will  be  6,087  times 

6087  X  0*2106 
that  of  one  foot,  hence  the  resistance  required  will  be 7^^ =  2-79  units.     If 

the  diameter  of  the  wii*e  be  given,  instead  of  its  weight  per  knot,  the  constant  for  English 
measures  would  be  taken  from  theJburth  column  of  the  table.   Thus  the  resistance  at  0**  of 

60S7  X  9*04 
a  knot  of  pure  hard  drawn  copper  wire  O'l  in.  diameter  would  be  — -r^ —  =  605. 

(Jj;nkin.) 


TABLE  XII. 


RESISTANCE    IN    OHMS    OF  WIRES   ONE    FOOT    LONG  WEIGHING  ONE 

GRAIN,  AT  VARIOUS    TEMPERATURES. 

{Jenkin.) 


TrnpemtweL 

Soft  Copper. 

Hard  Copper. 

German  Silver. 

Pl&ftiiinin  ftflv^r 

Fahrenheit 

Centigrade. 

82 

0 

0-2064 

0-2106 

2-652 

4*24 

41 

5 

0-2102 

0-2147 

2-667 

4*25 

^      60 

10 

0*2144 

0-2188 

2*661 

4-25 

61-8 

11 

0-2158 

0-2197 

•  •  • 

•  •  • 

63-6 

12 

0-2161 

0-2205 

•  •  a 

»•  • 

65-4 

IS 

0-2170 

0-2214 

•  •  • 

•  •  • 

67-2 

14 

0-2178 

0-2222 

•  •  • 

•  ■  • 

59  0 

16 

0-2186 

0-2231 

2*666 

4-26 

60-8 

16 

0-2194 

0-2239 

•  •  • 

•  •  • 

62-6 

17 

0-2208 

0-2248 

•  ■  • 

«  • 

64-4 

18 

0-2211 

0-2256 

•  «  • 

«  •  • 

66-2 

19 

0-2220 

0-2266 

■  •  • 

•  •  • 

68-0 

20 

0-2228 

0-2272 

2-670 

4-27 

69-8 

21 

0-2287 

0-2288 

•  •  • 

■  •  • 

71-6 

22 

0-2242 

0-2288 

•  ■  • 

•  •  ■ 

78-4 

28 

0-2258 

0-2299 

•  •• 

•  •• 

75-2 

24 

0-2262 

,   0-2308 

•  •  • 

•  •  • 

77-0 

26 

0-2271 

0-2317 

2*675 

4-27 

78-8 

26 

0-2279 

0-2325 

•  •« 

•  •• 

80-6 

27 

0-2287 

0-2384 

•  •• 

«•« 

82*4 

28 

0-2296 

0-2848 

•  •• 

■  •• 

84-2 

29 

0*2305 

0-2352 

•  •  • 

•  •  • 

86-0 

80 

0-2818 

0-2360 

2-680 

4-28 

87-8 

81 

0-2322 

0-2369 

•  •  • 

•  •  • 

89-6 

82 

0-2828 

0-2375 

■•• 

• 
•  ■  • 

91-4 

88 

0-2840 

0-2388 

•  •  • 

»■• 

98-2 

84 

0-2348 

0-2396 

•  •  • 

•  •  • 

95  0 

85 

0-2857 

0-2405 

2*684 

4*28 

96*8 

86 

0-2365 

0-2418 

•  •• 

•  •  • 

98-6 

87 

0-2376 

0-2424 

•  •• 

•  •  • 

100-4 

88 

0-2883 

0*2482 

•  •  m 

•  •  • 

102-2 

89 

0-2391 

0-2440 

«  ■  • 

•  ■  • 

104-0 

40 

0-2400 

0-2449 

2*689 

4*29 

At  zero  Cent — 

1  foot-grain  Platinnm,  annealed  =  8-536    ohms. 

1        „         saver,  hard  =  0*2421 

By  weight  1  Pktinam  =  14*6  SUver. 
1  foot  -001  inch  in  diameter  Platinum  =»  65*09 
1  „  „  Silver       =    9*151 

By  volume  1  Platinum  =  6*009  Silver. 

The  resifltance  of  German  Silver  varies  with  its  composition.    A  sample  tested  by 
Mr.  Becker  showed  a  resistance  of  8*644  ohms  at  68**  Fahr.  for  a  foot-grain. 


M 


TABLE  XIIL 

CO-EFFICIENTS  FOR  THE  REDUCTION  OF  THE  RESISTANCE  OF  COPPER 
WIRES  OF  VARYING  CONDUCTIVITY  TO  ANY  OTHER  TEMPERATURE. 

CO-EFFICIENTS  FOR  THE  REDUCTION  TO  A  HIGHER  TBMFERATURBL 

(a  S.  P.) 


Difference 
of  Tem- 
perature. 

Degrees 
Fkhx. 

PUBB  GopnuL 

06  put  Cbnt. 

94  PSR  Cbht. 

92  PKB  Cent. 

Co- 

effloienl 

Log. 

Co- 
efficient. 

Log. 

Co- 
efficient 

Log. 

Co. 
efficient. 

Log. 

0 

1-00000 

0-0000000 

1-0000 

0-0000000 

1^00000 

0-00000000 

1-0000 

0-0000000 

1 

1^206 

•0008950 

10020 

-0008592 

1-00194 

•0008418 

100190 

•0006234 

2 

100418 

•0017900 

10040 

-0017184 

1-0089 

-0016826 

1-0038 

•0016468 

3 

100620 

-002685 

1-00596 

-0026776 

1-0058 

-0025289 

1-0057 

•0024702 

4 

1-00828 

-008580 

1 -00796 

-0034868 

1-0078 

•0033662 

10076 

•0032936 

5 

101036 

-004475 

1-00905 

-0042960 

10097 

•0042066 

10006 

-0041170 

6 

1-01244 

-005870 

101196 

-0051662 

10117 

•0050478 

11)1145 

-0049404 

7 

1-01458 

•006265 

1-01895 

-0060144 

1-01635 

•0058891 

1-01866 

•0057688 

8 

1-01662 

-007160 

1-01595 

-0068736 

1-0166 

•0067304 

1-0163 

•0065872 

9 

1D1872 

-008055 

1-0180 

•0077328 

1'0176 

•0076717 

10172 

•0074106 

10 

1-02082 

-008950 

1-0199 

•0085920 

1-0196 

•0084130 

1-01916 

•0082310 

11 

102208 

•009845 

1-0220 

•0094512 

1-0216 

•0092648 

1-0211 

•0090574 

12 

1-02504 

•010740 

10240 

•0108104 

1-0236 

•0100956 

1-0280 

•0098808 

18 

1-02715 

-011685 

102606 

•0111096 

10256 

•0109369 

1^02496 

•0107042 

14 

102927 

•012580 

11)281 

•0120288 

1-0276 

•0117782 

10269 

•0115276 

15 

1-03139 

•013426 

1-0301 

•0128880 

1-0296 

•0126195 

1-02885 

■0128510 

16 

1DS852 

•014820 ' 

1-03215 

•0137472 

10315 

•0134608 

1-080 

•0131744 

17 

1-03565 

-015215 

1-0342 

-0146064 

1-0385 

0143021 

103275 

-0139078 

♦     18 

1-08779 

•016110 

1  •03625 

•0154656 

1-0355 

•0151434 

1-0347 

-0148212 

19 

1-08998 

•017006 

1-0888 

•0163248 

1-0876 

-0159847 

1'0367 

•0156446 

20 

1-04208 

•017900 

1-04085 

•0171840 

1-0395 

•0168260 

1-08866 

•0104680 

21 

1-04428 

•018795 

1-0424 

-0180432 

1-0415 

•0176678 

1-0406 

•0172914 

22 

1-04688 

•019690 

10448 

-0189024 

1-0436 

-0186086 

1-0426 

-0181148 

23 

1-04854 

•020585 

1-04656 

•0197616 

1*0456 

-0193499 

1-0446 

-0189882 

24 

1-05070 

•021480 

1-0486 

•0206208 

10476 

-0201912 

1-04656 

•0197616 

26 

1-05287 

•022875 

1-0507 

•0214800 

1-0496 

-0210325 

1-04855 

•0206860 

20 

1-05504 

•028270 

1-0528 

•0228892 

1-05166 

-0218788 

1-0505 

0214084 

27 

1D5722 

•024165 

1-0549 

•0281984 

1-0537 

-0227151 

1-0526 

•0222318 

28 

1-05940 

-025060 

105696 

•0240576 

1-0557 

•0285564 

1-0645 

•0280552 

90 

106158 

-025955 

105906 

-0249168 

1-0578 

-0243977 

1^0665 

•0238786 

80 

l-063n 

1 

•026850 

.     1 

1-06115 

•0257760 

1-0698 

-0252390 

10585 

•0247020 

To  ridKOf  Ou  retistanet  of  a  Copper  Win  of  a  $peeiJUd  oondvettvUy  from  th€  obMrved  UmpenUuv 
to  a  higher. — Under  the  column  corroepondlnff  to  the  specitled  conducti^tv,  and  opposite  the  number  of 
degrees  answering  to  the  difference  ^Mtween  tiie  observed  and  the  requiivd  temperature ,  will  be  found 
the  co-efflcieut ;  multiply  the  observed  resistsnce  by  this  co-effltiient,  and  the  product  is  the  resistance 
required. 

For  reducing  to  a  lower  t^mpcratiire  proceed  in  the  same  manner,  but  obtain  the  co-efficient  firom  the 
socond  table. 


TABLE  XIIL—icaniinued). 

OO-EFFICIENTa  FOR  THE  REDUCTION  TO  A  LOWER  TEMFERATtTRB. 

{G.  E.  P.) 


Difference 
of  Tem- 
perature. 

Degreee 
Fahr. 

Pubs  Coppxr. 

96  PKB  CSKT. 

94  PER  Cbkt. 

92  PER  CZHT. 

Co- 
efficient. 

Log. 

Co- 
effluient 

Log. 

Co- 
efflcieni 

I*& 

Co- 
efficient. 

Log. 

0 

I  00000 

o-ooooooo 

100000 

0-0000000 

1-00000 

0-0000000 

1-00000 

0-0000000 

1 

0-99794 

1-9991050 

0-90802 

1-99&1408 

0-998065 

i'99916*r 

0-998105 

i -9991766 

S 

0-99588 

-9982100 

0*99605 

•9982816 

0-99613 

•9983174 

0-996215 

•9983532 

8 

0-99383 

■9973150 

0-99408 

•9974224 

0-994205 

•9974761 

0  99433 

•9975298 

4 

0-99179 

-9964200 

0-99212 

•9965632 

0-99228 

•9966348 

0-992445 

•9967064 

6 

0  98975 

-9955260 

0  99016 

•9957040 

0-99036 

-9967935 

0-990565 

-9958830 

0 

0  98771 

'9946300 

0-98820 

■9948448 

0-988445 

•99;  9522 

0-98869 

■9950596 

7 

0-98667 

■9037360 

0-98625 

•9939856 

0-98653 

-9941109 

0-98682 

-9942362 

8 

0-98366 

-9928400 

0-98430 

-9931264 

0-98462 

•9932696 

0-98494 

•9034128 

0 

0-98162 

•9919450 

0-98235 

•9922672 

0-98272 

•9924283 

0-98308 

•9925S94 

10 

0-97960 

•9910500 

0-98041 

-9914080 

0-980S16 

•9915870 

0  98122 

•9917660 

11 

0-97768 

-9901550 

0^97847 

-9905488 

0-978915 

•9907457 

0  97936 

•9909426 

12 

0-97667 

•9892C0O 

0-97654 

•9890896 

0-97702 

•9899044 

0-97751 

•9901192 

13 

0-97356 

•9883650 

0-97461 

9888304 

0-97513 

■9S90631 

0  97566 

-9892953 

14 

0-97156 

•9874700 

0-97268 

•9879712 

0-973245 

•9882218 

0  ■973805 

-9S84724 

15 

0*96956 

•9865750 

0'fl7078 

•9871120 

0-97136 

•9873805 

0  97196 

•9876400 

16 

0-96756 

•9S56800 

0-96884 

•9862528 

0-96948 

■9865392 

0-97012 

-9S6S256 

17 

0-96557 

•9847850 

0-96693 

•9863930 

0-967605 

•9856079 

0  06S28 

■9£C00i;2 

18 

0-96S58 

•9338900 

0  96502 

-9845344 

0-96573 

-9848566 

0-96645 

■9851788 

19 

0-96100 

•9829D50 

0-90311 

•9S36752 

0-96386 

•9840153 

0-96462 

•98 13564 

20 

095962 

•9821000 

0  •961205 

■9828160 

0-96200 

•9831740 

0  96279 

•9835320 

21 

0-95764 

-9812050 

0  959305 

•9819568 

0-96014 

-9823327 

0-96097 

•9827086 

23 

0 '95567 

•9803100 

0^6741 

-9810976 

0-95828 

•9814914 

0-95915 

•9818852 

23 

0-95370 

•9794150 

0-95552 

-9802384 

0  95642 

•9806501 

0-95733 

-9810618 

24 

0-95174 

•9785200 

0-95363 

-9793792 

0-95457 

■9798088 

0-95552 

-  -9802384 

25 

0-94978 

■9776250 

0-95174 

•9785200 

0-952725 

-9789676 

0-95371 

•9794150 

20 

0-94783 

-9767300 

0-94986 

•9776608 

0-95088 

•9781262 

0-95190 

-9786916 

27 

0-94687 

•9768360 

0-947985 

•9768016 

0-94904 

■9772849 

0-95010 

•9777682 

28 

0-94893 

•9749400 

0^611 

-9759424 

0  947205 

-9764436 

0-94880 

-9769448 

29 

0-94198 

•9740460 

0-94424 

-9750832 

0-94537 

•9756023 

0-94660 

■9761214 

1 

80 

0-94004 

•9731500 

0  942375 

•9742240 

0-94354 

•9747610 

0-94471 

•9752980 

To  reduce  the  rttUtance  of  a  Copper  Wire  of  a  speeified  amdvetivity  from  the  obeerved  temperature 
to  a  Afaft«r.— Under  the  column  corresponding  to  the  Bpecified  conductivity  and  opposite  the  number  of 
degrees  ans-wering  to  the  ditferenCe  between  the  observed  and  the  required  temperature,  will  l>e  fonn  I 
tlie  co-efflcient ;  multiply  the  obeerved  retistance  by  tUia  coefficient,  and  the  product  la  the  resistance 

For  reducing  (o  a  lower  temperature  proceed  in  the  same  manner,  but  obtcln  the  co  efficient  from  ttio 
second  table. 


TABLE  XIV. 

UKSISTANCE    OF    A    KNOT-POUND    OF    PURE    COPPER    AT    VARYINQ 

TEMPERATURES. 


Degrees. 

Reaistanoe. 

Degrees. 

Resistanoe. 

75'  Fahr. 

1192-88  Ohm. 

53'  Fahr. 

1189-48  Ohm. 

74 

1189-87 

52 

1137-18 

73 

1187-42 

51 

1184-79 

72 

1184*98 

60 

1132-45 

71 

1182-54 

49 

1130-12 

70 

1180*10 

48 

1127-80 

69 

1177-67 

47 

1125-48 

68 

1175-25 

46     . 

1123-16 

67 

1172-88 

45 

1120-86 

66 

1170-42 

44 

1118-64 

65 

1168*01 

« 

1116-24 

64 

1165-60 

42 

1118-94 

68 

1163-20 

41 

1111-64 

62 

1160-81 

40 

1109-86 

61 

1158-42 

89 

1107-07 

60 

1156-08 

88 

1104-79 

59 

1153-65 

87 

1102-52 

58 

1151-28 

86 

1100-25 

57 

1148-91 

85 

1097-98 

56 

1146-64 

84 

1096-72 

65 

1144-18 

88 

1098-47 

54 

1141-83 

82 

1091*22 

1 

TABLE  XV. 

INFLUENCE  OF  TEMPERATURE  ON  INSULATING  MATERIAL. 

Tahle  of  Co-efficierUa  far  the  redudUm  of  the  observed  insulation  resistance  of  a  core  a 

any  temperatyare  to  that  at  76"  Fahr. 

\0.  h»  P.J 


Ordinary  Percha. 

Willoughby  Sraith'M  Improved 

PATfthA. 

Hoopet's  Insulator. 

Temp. 
Ffthr. 

Temp. 
FUir. 

32* 

Co-efflcieni 

Logarithm. 

Co-effldent. 

Logarithm. 

Co-efficient 

Logarithm. 

23-622 

1-3733167 

27-918 

1  '4458066 

8  016 

0-4794313 

ZT 

33 

21-947 

•3413752 

25-884 

•4121917 

2-940 

•4683473 

S3 

34 

20-391 

•3094385 

23-910 

•3786796 

2-865 

•4671246 

84 

35 

18-945 

•2774946 

22-128 

•8449422 

2-796 

•4466372 

85 

36 

17-602 

-2455620 

20-480 

•8113300 

2-722 

-4348881 

86 

37 

16-354 

•2186240 

18-954 

•2777009 

2-668 

•4237372 

87 

38 

15195 

•1817007 

17-542 

•2440791 

2-586 

-4126286 

88 

39 

14117 

•1497424 

16-235 

•2104528 

2-520 

•4014005 

89 

40 

13-116 

•1178014 

15-025 

-1768145 

2-456 

•8902284 

40 

41 

12-186 

•0868612 

18-906 

•1482022 

2-894 

•3791241 

41 

42 

11-322 

-0589232 

12-870 

-1095785 

2-838 

•8679147 

42 

43 

10-620 

•0220157 

11-911 

•0759482 

2-274 

•8667905 

43 

44 

9-774 

0-9900728 

11-024 

-0423392 

2-216 

•3466698 

44 

45 

9-081 

•9581837  . 

10-203 

•0087279 

2  160 

•3344533 

45 

46 

8-437 

•9261880 

9-442 

0-9750640 

2-105 

•3232521 

46 

47 

7-839 

•8942607 

8-789 

•9414617 

2-052 

•3121774 

47 

48 

7-288 

•8623103 

8-088 

-9078411 

2-000 

•3010300 

48 

49 

6-767 

•8303962 

7-485 

•8741918 

1^949 

•2898118 

49 

50 

6-287 

•7984485 

6-928 

•8406079 

1-900 

•2787686 

50 

51 

5-841 

•7664872 

6-412 

•8069935 

1-852 

•2676410 

51 

52 

5-427 

•7346598 

6-934 

•7733475 

1-806 

•2664772 

52 

53 

5-042 

•7026028 

5-492 

•7397305 

1^759 

•2462668 

53 

54 

4-685 

•6707096 

5-083 

-7061201 

1-715 

•2342641 

64 

55 

4-353 

•6387887 

4-704 

•6724673 

1-671 

•2229764 

65 

56 

4-044 

•6068111 

4-364 

•6388884 

1629 

•2119211 

66 

57 

8-757 

•6748412 

4-029 

•6061973 

1-587 

•2005769 

67 

58 

3-491 

-6429498 

8-729 

•5715924 

1-547 

•1894903 

58 

59 

8-244 

•5110808 

8-451 

•6379460 

1^608 

•1784018 

59 

60 

3-013 

•4789991 

8-194 

•6043349 

1^470 

•1673178 

60 

61 

2-800 

•4471680 

2-956 

•4707044 

1-438 

•1662462 

61 

62 

2-601 

•4161404 

2-736 

•4371161 

1-396 

•1448864 

62 

63 

2-417 

•3832767 

2-532 

•4084687 

1-361 

•1338581 

68 

64 

2-245 

,       -8612163 

2-348 

•3697728 

1-826 

-1225485 

64 

'65 

2  086 

'       '3193143 

2169 

•3362696 

1-298 

•1115985 

65 

66 

1-938 

-2873538 

2-007 

•8026474 

1-260 

•1003705 

66 

67 

1-801 

•2555137 

1-868 

•2690457 

1-228 

•0891984 

67 

68 

1-673 

-2234959 

1-719 

•2362759 

1197 

•0780942 

68 

69 

1-555 

•1917304 

1-591 

•2016702 

1-167 

•0670709 

69 

70 

1-444 

•1695672 

1-473 

•1682027 

1137 

•0667605 

70 

71 

1-342 

•1277625 

1-368 

•1844969 

1^108 

•0445398 

71 

72 

1-247 

•0958665 

1-261 

•1007151 

1^080 

•0334288 

72 

78 

1-158 

•0637086 

1-167 

•0670709 

1^063 

•0224284 

73 

74 

1-076 

•0318123 

1-080 

•0884288 

1026 

•0111474 

74 

75 

1-000 

•0000000 

1-000 

•0000000 

1-000 

•0000000 

75 

76 

-9418 

1-9739587 

-9876 

1-9719718 

•9746 

1  -9888264 

76 

77 

•8870 

-9479236 

-8789 

•9489396 

•9600 

•9777236 

77 

78 

•8354 

•9218945 

•8240 

•9159272 

•9259 

-9666641 

78 

79 

-7867 

•8958092 

•7725 

-8878985 

•9034 

-9558801 

79 

TABLE  XY.— (continued). 
INFLUENCE  OF  TEMPERATURE  ON  INSULATING  MATERIAL. 


Ordixuury  Perduu 

Willoughbj'  Smith's  ImproTod 

Hooper's  Insulator. 

Temp. 
Fuhi. 

Tnmp. 
Fahr. 

Go-effldent 

Logarithm. 

Co-«flScieDt 

Logarithm. 

Co-efllcient. 

Logarithm. 

80° 

•7410 

•8698182 

•7242 

•8598586 

•8796 

•9442368 

80' 

81 

•6978 

•8437310 

•6789 

•8318068 

•8672 

•9330822 

81 

82 

•6572 

•8176976 

•6366 

•8037984 

•8355 

•9219466 

82 

88 

•6190 

•7916906 

•6967 

•7767560 

•8144 

•9108378 

83 

84 

•6829 

•7656941 

'5694 

•7477226 

•7937 

•8996564 

84 

85 

•5490 

•7395728 

•6246 

•7197466 

•7786 

•8885166 

85 

86 

•6171 

•7185745 

•4917 

•69] 7002 

•7540 

•8773713 

86 

87 

•4870 

•6875290 

•4609 

•6636067 

•7349 

•8662282 

87 

88 

•4586 

•6614341 

•4821 

•6355843 

•7162 

•8550343 

88 

89 

•4319 

•6353832 

•4061 

•6076622 

•6981 

•8439176 

89 

90 

•4068 

•6093809 

•8798 

•6795550 

•6804 

•8327043 

90 

91 

•3831 

•5838122 

•8661 

•6616720 

•6631 

•8215790 

91 

92 

•3608 

•5672666 

•8838 

•6234868 

•6463 

•8104842 

92 

93 

•3398 

•5312234 

•3130 

•4955443 

•6299 

•7992716 

93 

94 

•3200 

•6051500 

•2984 

•4674601 

•6140 

•7881684 

94 

95 

•3014 

•4791432 

•2761 

•4394906 

•5984 

•7769916 

95 

96 

•2839 

•4531664 

•2679 

•4114513 

•6832 

•7658175 

96 

97 

•2674 

•4271614 

•2417 

•3832767 

•6541 

•7435882 

97 

98 

•2618 

•4010567 

•2266 

•3552599 

•5400 

•7323938 

98 

99 

•2371 

•3749316 

•2126 

•3273589 

•5263 

•7212334 

99 

100 

•2233 

•3488887 

•1992 

•2992893 

1 

•5130 

•7101174 

100 

To  find  the  resutanot  at  a  given  temperature  from  a/a  observed  resieUsnce  at  another 
temperature : — 

As  the  co-efficient  of  tbe  observed  temperature  is  to  the  co-efficient  of  the  required 
temperature,  so  is  the  observed  resistance  to  the  resistance  required. 

Where  the  resistance  required  is  at  76°  Fahr.,  it  will  be  sufficient  to  divide  the 
observed  resistance  by  the  co-efficient  corresponding  to  the  observed  temperature  in 
tl^  table. 

The  resistances  of  percha  are  as  given  by  Mr.  Wilioughby  Smith ;  those  of  Hooper's 
Insulator  are  as  given  by  Mr. Warren,  in  Clark  and  Sabine's  "Electrical  Tables." 

The  improvement  effected  by  Mr.  Wilioughby  Smith  has  reduced  the  electrostatic 
capacity  about  twenty  per  cent.,  without  in  any  way  ii^uring  the  mechanical  or 
chemical  properties. 


TABLE  XVL 


RESISTANCE  (COMPARATIVE)  OP  ORDINARY  AND  WILLOUGHBT  SMITH'S  OUTTA- 
FERGUA,  AND  HOOPER'S  MATERIAL,  AT  DIFFERENT  TEMPERATURES,  SHOWING 
TUB  DECREASE  OF  RESISTANCE  DUB  TO  THE  INCREASE  OF  TEMPERATURE. 

(O.  E.  P.) 


Temperatnio. 

Ordioaiy  Gatta- 
Fercha. 

WiUoughby  Smith'! 
GuttarPercha. 

Hoopex'a  Material. 

82* 

100-00 

100-00 

100  00 

85 

80-20 

79-27 

92-71            1 
1 

40 

55-52 

58-88 

81-43 

45 

88-44 

86-55 

71-62 

50 

26-62 

24-82 

68-00 

55 

18-48 

16-85 

55-40 

60 

1276 

11-44 

48-74 

65 

8-88 

7-77 

42-87 

70 

6-11 

5-28 

87-70 

n 

4-23 

8-58 

83-16 

80 

3-14 

2-59 

29-16 

85 

2-32 

1-88 

27-67 

90 

1-72 

1-86 

23-62 

95 

1-28 

0-98 

19-84 

100 

•94 

071 

17-01 

The  data  for    Gutta-percha  are  from  Mr.  "WiUoaghby  Smith's  tables ;  those  for 
Hooper*8  Material  from  Mr.  Warren's  table,  as  given  in  Clark  and  Sabine. 


TABLE  XVII. 

WEIGHTS   OP   COPPER   AND    GUTTA-PERCHA. 

SILVBRTOWN  TABLE.  PER  NAUT,  2,02«  TARDS. 


((?.!/ 


Qvagp. 

Diameter. 

Copper. 

Outta-Perdui  (solid). 

Lbe. 

Lbs. 

No.  1 

•810 

1778  4 

192  7 

2 

•280 

1434-7 

155-9 

8 

•260 

1246-5 

185-4 

4 

•240 

1058-4 

115-0 

5 

•220 

898-7 

97  0 

6 

•200 

729-1 

79-? 

7 

•187 

685  0 

69  0 

8 

•166 

498-9 

53-6 

9 

•158 

446-8 

48-5 

10 

•187 

829-2 

85*7 

11 

•125 

282-2 

80-6 

12 

•109 

211-6 

28  0 

.    13 

•095 

164-6 

17-8 

14 

•088 

117-6 

12-7 

15 

•072 

940 

10-2 

16 

-065 

70-5 

7-6 

j 

17 

•056 

47-0 

5-1 

•  1 

18 

•049 

42-8 

4-6 

19 

•042 

80-5 

8-3 

1 

20 

•085 

21-1 

2-8 

1 

1 

This  table  has  been  famiahed  by  the  SHvertown  Gatta-Percha  Works.  It  will  be 
obflerved  that  the  diameters  of  the  gauges  vary  from  those  given  iu  Table  IX.,  and 
that  the  specific  f^vity  of  the  copper  differs  also. 

To  And  the  weight  of  the  percha  of  a  core  of  given  diameter,  deduct  the  weight  of  a 
cylinder  of  percha  equal  in  diameter  to  the  conductor  from  the  tabular  weight  of  solid 
gntta-percha. 

GUTTA-PERCHA  COMPANY'S   TABLE. 


Gauge. 

Diameter. 

Weight  per  Stat  MUe. 
Gutta-Peroba  (solid). 

Weigbtper  Naut 
GQtU  Fercba  (solid). 

Lbs. 

Lbs. 

00 

•126 

28 

82 

0 

•143 

86 

41 

8 

•Ml 

46 

58 

7 

•171 

52 

59 

6 

•194 

66 

77 

6 

•214 

81 

98 

4 

•221 

86 

99 

8 

•247 

108 

124             • 

2 

•276 

184 

155 

1 

•289 

147 

170 

0 

•840 

204 

235 

00 

•880 

255 

294 

000 

•425 

819 

868 

0000 

•454 

864 

420 

i-inch 

•500 

442 

509 

This  table  has  been  furnished  by  Mr.  Chatterton,  of  the  Gutta- Percha  Company, 
"Wharf  Road. 

The  weight  and  diameter  of  No.  7  gauge,  the  size  used  for  underground  ^ires  in 
towns,  are^  approximately — 

Outside  diameter •I?!  inch. 

Weight  of  Copper  per  statute  mile  ...     39  lbs. 
Percha  „       ...     46 
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INDEX. 


Absorftion.    See  Cables. 

Alphabetical  system,  261. 

Atlautic  Cables.     Relative  resistances 

of    insulator   and   conductor,    295. 

Time  of  foiling  to  half  charge,  346. 

Tests    during    manufacture,    307 ; 

during    laying,  322.      Methods   of 

working,  3i34.    Effect  of  condensers^ 

334. 
Atmospheric  electricity,  103. 
Automatic  systems,  375 ;  Bain's,  376  ; 

Wheatstone's,  379 ;   Edison's,  377  ; 

Siemens',  37t^. 

Baut's  telegraph,  224  ;  preparation  of 
chemical  paper,  224;  automatic 
system,  376. 

Batteries,  7 ;  Daniell's,  14,  24 ;  Da- 
rnell's economical,  18  ;  graphite, 
19  ;  gravity,  17  ;  Leclanche,  20 ; 
Marie-Davy.  21  ;  Minotto,  18  ; 
"  Quantity,^'  11,  37,  40, 132  ;  sand, 
19  ;  secondary^  22  ;  Smee,  20.  To 
work  several  circuits,  132.  For  badly 
insulated  circuits^  37,  134.  Laws  of 
chemical  action  m,  12,  13,  16,  23, 
136.  Zinc,  analysis  of,  26 ;  amalga- 
mation of,  13  ;  sulphate,  use  of,  25. 
Copper  sulphate,  analysis  of,  26  ; 
rou^  test  for  puritv  of,  25 ;  choice 
of,  24.  Porous  cells,  15.  16.  Ma- 
nagement of,  17, 24, 26.  To  prevent 
surface  leakage  in,  17.  Testing 
working  condition  of^  26,  66.  Elec- 
tro-motive force  of.  10.  Potential  of, 
10,  11.  Polarization  of,  13.  Effect 
of  increasing  size  of  cells,  33,  134 ; 
of  increasine  number  of  cells,  11. 
Bicsistance  of,  33.  Measurement  of 
potential  of,  289,  351  ;  of  resistance 
of,  350. 

Bitumen,  for  insulation,  167. 

Boucherising,  358. 

Bridge,  Whcat»tone,  177,  306. 


Cables,  276.  Laws  of  speed,  276— 
279;  of  inductive  capacity,  276— 
279.  Conductor,  making  joints  in, 
280;  reasons  for  increasing  purity 
of  copper,  281 ;  mode  of  finding  per- 
centage>f  conductivity,  281 ;  of  find- 
ing resistance  from  weight,  282  ;  of 
finding  percentage  by  observation, 
308.  311.  Insulator,  percha  or 
rubber,  283;  electrification  or  ab- 
sorption, 283.  Core,  method  of 
joining,  169,  360;  tests  of,  285; 
standard  time  observed  in  testing, 
285 ;  standard  temperature  in  test- 
ing, 285  ;  standard  reduction  of  tests 
at  other  t  to  standard,  286 ;  mode 
of  finding  t  of  cable  tank  from  b  of 
conductor,.286 ;  to  measure  charge  or 
discharge,  286  ;  correction  for  resist- 
ance of  air,  288.    Capacity,  tests  for, 

288,  309,  312,  314.  Potential  of 
battery  in  terms  of  standard  cell, 

289.  Distribution  of  charge  in  two 
condensers,  292.  To  find  capacity 
without  a  condenser,  293  ;  by  com- 
parison, with  a  condenser,  290 ;  of 
short  pieces  of  core,  293;  by 
"wippe"  or  "whip,"  293;  to  find 
weigut  of  material  to  produce  a 
given  capacity,  294.  Insulation  tests, 
295,308.312,313;  effect  of  pressure 
on  insulation,  .'295.  Test  by  de- 
flection, 296,  308  ;  by  fall  of  charge, 
297,  309.  31 2.  To  find  insulation  in 
ohms  from  tall  of  charge,  299;  of 
one  cable  from  that  of  another,  300. 
Test  by  accumulation,  300  ;  of  joints 
in  the  insulator,  300,  303,  310. 
General  precautions  in  testing,  305, 
306,  307.  Tests  used  for  French 
Atlantic,  307.  Fall  of  char^,  law 
of,  345.  Methods  of  finding  distance 
of  a  fiftult,  314—321 ;  when  con- 
ductor bared,  but  not  broken,  314  ; 
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of  finding,  broken  end  exposed,  315; 
of  finding,  broken  end  insulated,  320. 
Effect  of  polarization  on  exposed 
end,  315.  Tests  during  lajing,  322 ; 
during  laying  of  a  multiple  cable, 
322 ;  a  single  wire  cable,  322 ;  a 
lon^  single  wire  cable,  323 ;  during 
Ja^mg  tne  Atlantic  cables,  823. 
Methods  of  working,  328.  Causes 
affecting  spneed,  328.  Amoui  of  re- 
tardation in  Atlantic  cable,  328. 
'  £ffect  of  retardation  on  signals,  328 ; 
method  of  showing  this  effect,  329. 
Comparative  speed  of  Morse  and 
mirror,  330  ;  of  Malta- Alexandria, 
339  ;  Atlantic.  335.  Methods  of  in- 
creasing speed  of  Morse,  331,  333. 
Methods  of  compensation,  333;  of 
working  Atlantic  cable,  334,  342  ; 
mirror,  330;  Thomson's  recorder, 
335 ;  curb  key,  333  ;  of  calculating 
speed,  336,  337 ;  of  calculating  by 
automatic  ap|>aratus,  339 ;  by  Wave 
Bisector,  339 ;  of  calculating  propor- 
tions of  material  to  produce  a  given 
speed,  337.  Difference  in  speed  be- 
tween a  cable  when  coiled  and  when 
straight,  340.  Itifference  in  the 
effect  of  +  and  -  currents,  342 ; 
artificial  cables,  92 ;  formula  for  the 
weight  of  cable  cores,  355. 

Capacity,  inductive  {see  Cablbs),  79, 
276;  specific,  79 ;  unit  of,  81 ;  mea- 
surement of,  288,  309,  312,  314; 
measurement  of,  in  short  lengths  of 
wire,  293. 

Chatterton*s  Compound,  170. 

Chronograph,  Bain's,  226 ;  Hughes', 
260. 

Circuit,  28 ;  telegraphic,  139  ;  manage- 
ment of,  badly  insi^at»l,  37,  263, 
266.  267 ;  IoobJ,  233  ;  derived  (deri- 
vation), 131,  137,  348,  362. 

Condenser,  80 ;  how  to  make,  81  :  how 
to  adjust^  83 ;  use  of,  on  Atlantic 
cable,  334,  342 ;  form  an  artificial 
line  with,  92. 

Conductivity,  relative,  29 ;  Table,  XI. ; 
effect  of  temperature  on,  31,  343. 

Conductors  and  non-conductors,  4,  5, 
29. 

Contact,  119,  187  ;  weather,  use  of 
earth  wires  to  prevent,  119. 

Continuity,  want  of.    See  T£sting. 

Construction  of  pole  lines,  139  ;  over- 
house  lines,  164 ;  tunnel  lines,  140, 
166 ;  undeigruund  lines,  165 ;  of 
cables,  276. 


Copper,  varieties  of,  31 ;  conductibihty  . 
of,  29,  31 ;  effect  of  increased  purity 
of,  281 ;  of  temperature  on  oonduo-' 
tivity,  286 ;  wire,  making  joints  in 
cables,  280  (see  Cables).  Specific 
gravity  of,  355.  Choice  of  sulphate 
of,  24;  test  for  purity  o(  25; 
analysis  of,  26. 

Cores,  weights  of.  Tables  X7II.  and 
XVIII.,  and  355. 

Creosoting,  141,  359. 

Current,  7 ;  laws  of,  28,  33, 34 ;  effect 
of,  on  a  magnet,  9,  53  ;  on  soft  iron, 
71 ;  on  another  cunent,  52.  Extra, 
99 ;  in  a  coiled  cable,  99 ;  used  to 
delay  demagnetization,  100;  effect 
of  a  condenser  on,  100  (aee  Extra 
CuKKENTs).  Return  (so  called),  87  ; 
effect  of,  on  signals,  341.  Earth, 
106. 

Debiv£d  curaents,  law  of,  352. 
Detector,  57,  68,  6G. 
Duplex  system,  387. 

Earth,  conductivity  of,  42  ;  as  part  of 
a  circuit,  41 ;  connections,  battery 
current,  caused  by,  44 ;  to  improve 
bad  earth  connections,  43 ;  precau- 
tions as  to  lightning,  44, 105 ;  testing 
of,  188. 

Earth-currents,  106  ;  diurnal,  107 ; 
caused  by  magnetic  storms,  107;  con- 
nection of^  with  aurora,  108 ;  general 
direction  of,  108 ;  lines  most  subject 
to,  106  ;  to  lessen  effects  of,  lOa 

Earth-wires,  for  lessening  leakage  from 
one  wire  into  another,  119. 

Electricity,  1 ;  atmospheric,  103 ;  fric- 
tional,  1,  11 ;  caused  by  chemical 
action,  7 ;  galvanic  or  voltaic,  7, 
11. 

Ellectrification  (in  cables),  283. 

Electro-dynamic  Induction,  93  {see  In- 
duction). 

Electrt -magnet,  71 ;  to  make  cores  of, 

72,  75 ;  to  wind,  72,  74 ;  laws  of. 

73,  74.  Relation  of  r  to  r  of  cir- 
cuit, 73 ;  relation  of  force  of  battery 
to  rapidity  of  action,  75. 

Electro-magnets,  72 — 76 ;  suitable  for 
various  lengths  of  circuit,  73. 

Electro-magnetism,  52 ;  wires  convey- 
ing current,  action  of,  on  one  another, 
52  ;  on  soft  iron,  71 ;  on  the  magnet, 
52,  55. 

Electrometer,  Peltier's,  268;  Thom- 
son's, 269. 
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Electro-motWe  force,  8  ;  measurement 

of,  351 ;  unit  of,  81. 
Electrophorus,  84,  86. 
£lectro8co{)e,  2  ;  condensing,  9,  84. 
Electrostatic    Induction,   76  {see   In- 

DUCl'ION). 

Extra  currents,  d7 ;  action  of  con- 
denser on,  100 ;  to  prevent  spark 
from,  100,  239  ;  effect  of,  on  sig- 
nalling, 341 ;  used  to  delay  demag- 
netization, 100,  253. 

Farad,  81. 

faults  in  insulation,  119,  182 ;  in 
earth,  188;  contact,  187  (*««  Tbst- 
iNo) ;  disconnection,  186  ;  contact, 
187  ;  weather  contact,  188  ;  earth, 
188 ;  defective  earth  plate,  188  ;  in- 
termittent, 197  ;  in  cables,  314. 

Galvanometer,  57 ;  vertical,  57,  58, 
66  ;  horizontal,  57,  58,  59  ;  sensi- 
tive, 63 ;  reflecting,  71  ;  sine,  59  ; 
tangent,  66,  68,  69 ;  astatic,  61 ; 
differential,  62 ;  directing  magnet 
for,  62;  shunts  for,  63;  relation 
between  r  of  coils  and  r  of  circuit, 
64 ;  to  find  r  of,  351  ;  to  protect 
from  external  influence,  173 ;  of 
German  silver  wire,  307- 

Gutta-percha,  139,  165,  271,  Tables 
XV.  to  XVIII. ;  specific  capacity 
of,  276  ;  insulating  power  of,  276, 
295 ;  specific  gravity  of,  355 ;  weight 
of.  Table  XVII. ;  effect  of  tempera- 
ture on,  283,  285 ;  calculation  of, 
effect  of  temperature  on,  Table  XY . ; 
Willoughby  Smith's,  Table  XV.; 
rough  test  of,  271 ;  durability  of,  139 ; 
making  joints  in,  166,  168,  363. 

Hooper's  insulator,  283,  Tables  XY., 
XV  I. ;  specific  capacity  of,  276. 

Hughes'  type  printer,  258;  chrono- 
scope,  260. 

Induction,  76 ;  electrostatic,  76 ; 
effect  of  distance,  77 ;  nature  of 
intervening  matter,  79  ;  on  signals, 
86,  90,  92 ;  on  suspended  wires,  88 ; 
on  buried  wires,  88 ;  shown  by  arti- 
ficial line,  92;  tests  relating  to, 
286,  290. 

Induction,  electro-dynamic,  93 ;  be- 
tween currents  in  straight  wires, 
93 ;  in  spirals,  93  ;  in  bobbins,  94 ; 
currents  caused  in  bobbins  by  mag- 


net.s,  95 ;  by  earth's  magnetism,  96  ; 
by  making  or  breaking  contact,  97  : 
retardation  of  magnetization  caused 
by,  98 ;  of  a 'current  on  itself,  98 ; 
shock  caused  by,  99. 

Induction,  magnetic,  46, 47 ;  magneto- 
electric,  100. 

Induction  coil,  96. 

Inductive  discharge  or  return  current, 
87  ;  capacity,  79,  278,  288  ;  Table 
of,  79. 

Instraments  for  signalling,  215 ;  needle, 
215,  221  ;  bell,  221 ;  sounder,  222 ; 
recording,  Morse,  223,  226 ;  Bain, 
224.  Ink-writer,  227 ;  polarized  ink- 
writer,  236  ;  Wheatstone's,  383  ; 
embossing,  230  {see  Morse  and  Re- 
lay). A  E  C,  261 ;  Hughes',  258  ; 
Bain's  automatic,  376 ;  Siemens', 
378 ;  Wheatstone's,  379. 

Insulation,  110;  variation  of,  caused 
by  weather,  184 ;  minimum  allow- 
able, 404;  leakage,  as  affected  by 
differences  of  gauge  of  wire,  183 ; 
ordinary  tests  for,  170, 183. 

Insulation,,  defective ;  effect  of  on  sig- 
nals, 121, 127  ;  calculations  respect- 
ing, 121 ;  methods  of  treating,  118, 
.134, 263 ;  batteries  suitable  for  leaky 
circuit,  37,  134.  « 

Insulation,  nature  of  faults  affecting, 
1 18 ;  dupt  and  smoke,  118;'*  weather- 
contact,"  119 ;  faults  in  cables,  see 
Cables. 

Insulators,  5,  162 ;  for  suspended 
wires,  112,  118;  terminal,  163; 
testing  of,.  115;  materials  for — 
dass,  112, 113 ;  ebonite,  113 ;  poroa- 
nun,  114;  stoneware,  114;  paraffin, 
114.  Effect  of  paraffin  oil  on,  118  ; 
of  creosote,  118;  of  insects,  118;  of 
iron  hoods.  111  ;  cleaning  of,  117 ; 
fixing  wires  to,  154,  162  ;  bolts  to, 
162 ;  shackles,  163. 

Iron,  specific  gravity  of,  355.' 

Joints  in  iron  wire,  161 ;  in  copper 
wire  in  cables,  280 ;  in  percha  wire, 
168,  360 ;  to  test,  in  a  cable,  300. 

Key,  American,  228 ;  single  cursent, 
229  ;  double  current,  240. 

LiouTNiNQ,  103 ;  protector,  104 ; 
danger  to  gas  pipes  from,  105. 

Magnet,  45,  48  ;  bar,  47  ;  needle,  45, 
48 ;  horse-shoe,  48  ;  armature  of,  50 ; 
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how  to  temper,  51 ;  how  to  compare 
stren^h  of»  61. 

Magnetic  polarity,  45,  47,  50 ;  induc- 
tion, 46,  47  ;  neld,  46 ;  attraction, 

•  47  ;  dip,  46,  67. 

Magnetism,  45  ;  of  the  earth,  49. 

Magnetizing,  methods  o(  48. 

Magneto-electricity,  100 ;  machine,  100, 
102 ;  Grunme's,  101. 

Microfarad,  81.    • 

Morse  system^  223  ;  American,  227  ; 
dosed  circuit,  227 ;  single  current^ 
229  ;  double  current,  240 ;  relay  for, 
231  {see  Rela.t).  Alphabet,  356  ; 
modified,  244. 

Ohm.  the  unit  of  resistance,  30. 
Ohm*s  law,  34 ;  geometrical  solution  of 
problems,  352. 

Poles,  choice  o(  140 ;  preparation 
of,  140,  358;  creosoting  of,  362; 
boucherising  of,  359 ;  setting  o^ 
141,  142,  143;  on  railways,  141, 
156 ;  on  roads,  141,  156 ;  staying 
of,  144 ;  earth-wiring  of,  145. 

Potential,  6  ;  of  a  battery,  10 ;  unit  of, 
81  {see  Electro-motive  Force). 

Relay,  231  ;  polarized,  234  ;  for  pro- 
ducing Morse  signals  by  instan- 
taneous currents,  236  ;  rules  for  con- 
necting, 236  ;  gauge  of  wire  for,  237 ; 
prevention  of  sparks  in,  239 ;  ma- 
nagement of,  239. 

Repeater,  249  {see  Translator). 

Resistance,  29 ;  specific,  29 ;  com- 
parative, of  various  suDstances,  29, 
30 ;  of  metals  and  alloys,  Tables 
XL,  XXL;  of  guttiH>ercha  and 
india-rubber,  Tables  XV.,  XYI. ; 
of  various  kinds  of  copper,  31 ;  of 
percha  and  copper,  295 ;  of  a  bat- 
tery, 34 ;  of  a  telegraph  circuit,  28, 
33 ;  of  a  wire,  32  ;  jomt  of  two  con- 
nected circuits,  137, 349 ;  effect  of,  on 
signals,  28  ;  calculations  respecting 
effect  of,  34 ;  effect  of  temperature  on, 
31,  343,  Tables  XV.,  XVL, ;  coil  or 
rheostat,  30;  slide,  328;  unit  of; 
30. 

Resistance,  measurement  of,  30 ;  of  a 
batteiy,  350 ;  of  a  galvanometer, 
351  ;  of  insulators,  1 15. 

Rivers,  crossing  without  wires,  133. 

Rubber,  272,  283. 

Ruhmkorff  coil,  96. 


Shunts,  63 ;  laws  q(  137,  348.  * 
Siemens'  relay,  234 ;  ink-writer,  227, 

236  ;  automatic  system,  378. 
Sine  galvanometer,  59. 
Soldering,  161 ;  tool  for,  161. 
Sounder,  222. 
Switches,  245 ;  for  double-current  key, 

242 ;  automatic,  252,  332. 

Tangent  qalvanometeb,  66. 

Technical  terms,  211. 

Testing  of  cables.     See  Cables. 

Testing,  ordinary,  170.  Daily  office 
tests,  170 ;  connections  for,  214 ; 
reduction  to  units,  171 ;  to  a  rate 
per  mile,  172 ;  use  of  detector  for, 
172  ;  taking  a  constant,  173  ;  use  of 
difierential  galvanometer,  176;  of 
tangent  galvanometer,  173;  of 
bridge,  177;  of  resistance  coils, 
175. 

Testing  for  contact,  195 ;  for  discon- 
nection, 191.  198;  for  earth,  193, 
197 ;  for  detective  earthplate,  188 ; 
for  distance  of  an  earth,  199;  of  a 
contact,  207  ;  of  a  disconnection, 
192 ;  for  resistance  of  a  wire,  or  con- 
ductivity, 171, 185 ;  of  a  battery,  350. 

Translator,  249  ;  single  current,  250  ; 
double  current,  251,  254  ;  single  to 
double,  255 ;  management  of,  256 ; 
switch  for,  252. 

Transmission,  automatic,  375 ;  simul- 
taneous, 267 ;  on  a  forked  circuit, 
266  ;  general  remarks  on,  263. 

Tunnels,  effect  of  dripping  water,  273  ; 
to  find  faults  in,  273. 

Underground  Wires  and  Tunnels. 
Difference  in  effect  of  +  and  -  cur- 
rents, 273,  362;  testing  of  wire, 
271 ;  for  faults,  273  ;  to  pick  a  wire 
out  from  a  bundle,  274;  Ubelling 
or  numbering,  275  ;  rough  mode  ^ 
imiMTOving  insulation,  275  ;  method 
of  laying,  165 ;  in  asphalte,  167 ; 
methods  of  jointing,  169,  363; 
effect  of  grouping  on  speed  of, 
342. 

Voltameter,  357. 
Volt*  81. 

Wave  biseotob,  339. 

Wire  for  suspended  circuits,  146 ;  for 

underground  circuits,  139,  165,  271 ; 

over  houses,   164,   165 ;  for  smoky 

districts,  140,  152. 
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Wire,  iron,  choice  of,  146  ;  testing  of, 
146,  148 ;  breaking  strain  of^  146 ; 
"killing"  of,  147;  galvanizing  of, 
151 ;  joining  of,  161  ;  soldering  of, 
166,  160. 

Wire,  suspended,  methods  of  fixing, 
154;  long  spans  ot,  154;  arrange- 
ment on  poles,  153;  proper  distance 
o(  153  ;  numbering  of,  156 ;  sag 
and  strain  of,  146 ;  noise  caused  by, 
162 ;  expansion  and  contraction  of, 
159, 160 ;  to  calculate  strains  of,  369, 
146  ;  leading  into  stations,  164. 


Wheatstone  bridge,  177,  180 ;  way  to 
use,  182 ;  precautions  in  using,  see 
Gables.  Alphabetical  instrument, 
261  ;  automatic  375. 

Whip(or**wipi)e")293. 

Working  a  circuit,  special  methods  of, 
263 ;  when  insulation  is  yery  defective, 
134,  258,  264 ;  to  several  stations  at 
once,  267  ;  in  opposite  directions  at 
the  same  time,  387. 

Zinc,  amalgamation  of,  13;  analysis 
of,  26. 
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The  History  of  Persia 

afid  its  present  Political 
Sit  tuition  ;  with  Abstracts 
of  all  Treaties  and  Con- 
ventions between  Persia  and 
England,  and  of  the  Con- 
vention with  Baron  Renter. 
By  Clements  R.  Markham, 
CB.  F.R.S. 

8zv.  with  Mapt  2ls, 

The    Mythology  of  the 

Aryan  Nations. 

By  Geo.  W.  Cox,  M.A.  late 
Scholar  of  Trinity  Col- 
lege, Oxford. 

2  vols,  Svo,  2&r. 

A  History  of  Greece. 

By  the  Rev.  Geo.  W.  Cox, 
M.A.  late  Scholar  of 
Trinity  College,  Oxford. 

Vols,  /.  and  IL    $vo.  Maps,  36/, 

The  History  of  Greece. 

By  C.  Thirlwall,  D.D. 
LordBp.  of  St.  David's. 

8  vols,  fcp,  %vo,  28x, 

The  Tale  of  the  Great 

Persian    War,   from   the 
Histories  of  Herodotus. 
By  Rev.  G.  W.  Cox,  M.A. 

Fcp,  Svo,  3x.  6d. 


The  History  of  the  Pelo- 

ponnesian    War,  by   Tku- 

cydides. 

Translated  by  Richd.  Craw- 
ley, Fellow  of  Worcester 
College,  and  formerly 
Scholar  of  University 
College,  Oxford. 


%vo. 


[In  the  press. 


Greek  History  front  The- 

mistocles  to  Alexander,  in 
a  Series  of  Lives  from 
Plutarch. 

Revised  and  arranged  by 
A.  H.  C lough. 

Fcp.  8w.  IVoodctUs,  6s. 

History  of  the  Romans 

under  the  Empire. 

By  the  Very  Rev.  Charles 

Merivale,  D.C.L.  Dean 

of  Ely. 

8  Tfols,  post  %vo,  48J. 

The  Fall  of  the  Roman 

Republic;  a  Short  History 

of  the  Last  Century  of  the 

Commonwealth. 

By  Dean  Merivale,  D.C.L. 

\2mo,  *js,  6d. 

The  Sixth  Oriental  Mo- 
narchy ;  or  the  Geography, 
History,  and  Antiquities 
of  Parthia.  Collected  and 
Illustrated  from.  Ancient 
and  Modern  sources. 
By  Geo.  Rawlinson,  M.A. 

With  Maps  and  Illustraiions,     Szv.  i6f. 
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The  Seventh  Great  Ori- 
ental Monarchy;  or^  a 
History  of  the  Sassanians : 
with  Notices  Geographical 
and  Antiqtcarian. 
By  Geo,  Rawlinson^  M.A. 

Svo,  with  Maps  and  Illustraiums. 

\In  the  press. 

Encyclopcedia  of  Chro- 
nology^ Historical  and 
Biographical;  comprising 
the  Dates  of  all  the  Great 
Events  of  History,  includ- 
ing Treaties,  Alliances, 
.  Wars,  Battles,  &c.  Inci- 
dents in  the  Lives  of  Emi- 
nent Men,  Scientific  and 
Geographical  Discoveries, 
Mechanical  Inventions,  and 
Social,  Domestic,  and  Eco- 
nomical Improvements. 

By  B.  B.  Woodward,  B.A. 
and  W.  L.  R.  Gates. 

The  History  of  Rome. 

By  Wilhelm  Ihne.  Eng- 
lish Edition,  translated 
anci  revised  by  the  Au- 
thor. 

Vols,  I.  and  IL  8w.  3<w. 

History    of    European 

Morals  from  Augustus  to 

Charlemagne. 

By  W.  E.  H.  Lecky,  M.A. 

2  vols,  ZvO,  2^, 


History  of  the  Rise  and 

Influence  of  the  Spirit  of 
Rationalism  in  Europe. 
By  W.  E.  H.  Lecky,  M.A. 

Cabinet  Edition,  2  vols,  crown  2fVo,  l6s. 

Introduction       to      the 

Science  of  Religion :  Four 
Lectures  delivered  at  the 
Royal  Institution ;  with 
two  Essays  on  False  Ana- 
logies and  the  Philosophy 
of  Mythology. 
By  F.  Max  Muller,  M.A. 

Crown  %fvo,  los.  6d, 

Socrates  and  the  Socratic 

Schools. 

Translated  from  the  Ger- 
man of  Dr.  E.  Zeller, 
with  the  Author's  ap- 
proval, by  the  Rev.  O.  J. 
Reichel,  B.C.L.  M.A. 

Crown  9fWf,  Zs,  6d, 

The  Stoics^  Epicureans^ 

and  Sceptics. 

Translated  from  the  Ger- 
man of  Dr.  E.  Zeller, 
with  the  Authors  ap- 
proval, by  Oswald  J. 
Reichel,  B.C.L.  M.A. 

Crown  Svo,  14^^ 

History   of  the   Early 

Church  from  the  First 
Preaching  of  the  Gospel  to 
the  Council  of  Niccea,  a.d. 

325. 

By  Miss  E.  M.  Sewell. 

Fcp,  Svo,  4^.  6(/. 
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The  History  of  Philoso- 

pf^yy  from  T hales  to  Comte, 
By  George  Henry  Lewes. 

Fourth  Edition^  2  vols,  ^o,  32^. 

History  of  the  Catholic 

Church  from  the  Death  of 
Jo  fin  to  the  Middle  of  the 
Second  Century;  including 
an  Account  of  the  Original 
Organisation  of  the  Chris- 
tian Ministry,  and  the 
Growth  of  Episcopacy. 
By  the  Rev.  T.  W.  Moss- 
man,  B.A. 

Sketch  of  the  History  of 

the  Church  of  England  to 
the  Revolution  of  1688. 
By  the  Right  Rev.  T.  V. 

Shorty  D.D.  Bishop  of 

St.  Asaph. 

Eighth  Edition,    Crown  2ivo.  *]s,  6d. 

History  of  the  Christian 

Church  from  the  Ascen- 
sion of  Christ  to  the  Con- 
version of  Constantine. 
By  E.  Burton,  D.D. 

The  Historical  Geogra- 

phy  of  Europe. 

By  Edward  A.  Freeman, 
D.C.L.   late  Fellow  of 
Trinity  College,  Oxford. 


%vo.  Maps, 


[In  th^  press. 


Essays  on  the  History  of 

the  Christian  Religion. 
By  John  Earl  Russell. 


Fcp,  8zv.  3J.  bd. 


Epochs  of  History :    a 

Series  of  Books  treating  of 
the  History  of  England 
and  Europe  at  Successive 
Epochs   subsequent  to  the 
Christian  Era. 
Edited    by    Edward    E. 
Morris,  M.A.  of  Ltn- 
coin     College,     Oxford, 
Head-Mcuster     of     the 
Bedfordshire      Middle- 
Class  Public  School. 

I^tfip-  ^'0,  volumes  ofabout22f>pp,  each. 

The   Era  of  the    Pro- 
testant Revolution. 
By  F.  Seebohm,  Author  of 
*  The  Oxford  Reformers 
—Colety  ErasmtiSyMore' 

[In  April, 

The  Crusades. 

By  the  Rev.  G.  W.  Cox, 
M.A.    late    Scholar  of 
Trinity  College^  Oxford. 

[In  May, 

The  Thirty  Years'  IVar, 

1618-1648. 

By  Samuel  Rawsofi  Gar- 
diner,  late  Student    of 

Christ  Church.       [in  June. 

The  Houses  of  Lancaster 

and  York ;  with  the  Con- 
quest and  Loss  of  France. 
By  y  antes  Gairdner,  oftlie 

Public    Record    Office  ; 

Editor  of  ^The  Ponton 

Letters'  &c. 

[/n  fAe  press. 


NEW    WORKS    PUBLISHED  BY    LONGMANS    &    CO. 


BIOGRAPHICAL    W^ORKS. 


Autobiography. 

By  yohn  Sttuirt  Mill. 

Li/e  and  Letters  of  Gil- 
bert Elliot,  First  Earl  of 
MintOy  from  lysi  to  1806, 
wAen  his  Public  Life  in 
Europe  was  closed  by  his 
Appointment  to  the  Vice- 
Royalty  of  India. 
Edited  by  his  Grand- 
Niece,  the  Countess  of 
Minto. 

3  vols,  post  Svo,  3 1  J.  6</. 

Memoir  of  Thomas  First 

Lord  Denman,   formerly 

Lord    Chief   justice    of 

England. 

By  Sir  Joseph  A  mouldy 
B.A.  K.B.  late  Judge 
of  the  High  Court  of 
Bombay. 

With  two  Portraits,  2  vols,  Svo,  32J. 

The  Life  of  Lloyd  First 

Lord  Kenyon. 
By  Hon.   G.   T.   Kenyon^ 
M.A. 

With  Portraits,     %evo,  14J. 

Recollections     of    Past 

Life. 

By  Sir  Henry  Holland, 
Bart.  M.D.  F.R.S.  late 
Physician  -  in  -  Ordinary 
to  the  Queen. 

Third  Edition,    Post^c,  los,6d.      | 


Memoir  of  the  Life  of 

Admiral  Sir  Edward 
William  Codrington  ;  with 
Selections  from  his  Corre- 
spondence. 

Edited  by  his  Daughter, 
Lady  Bourchier. 

With  Portraits^  Maps^  and  Plans,     2  vols, 
Svo.  ^6s, 

Shakespeare's  Home  and 

Rural  Life. 

By  y antes  Walter^  Major 
/^h  Lancashire  Artil- 
lery Volunteers.  Com- 
prising a  Biographical 
Narrative^  illustrated 
by  about  lOO  Landscapes 
and  Views  produced  by 
the  Heliotype  Process 
from  Photographs  taken 
in  the  localities  expressly 
for  this  work. 

Imp,  4A7.  52J.  dd, 

Bibliotheca  Comtcbiensis; 

a  Catalogue  of  the  Writings, 
both  MS.   and  printedy  of 
Cornishmen      from      the 
Earliest    Times,    and    of 
Works    relating    to     the 
County       of      Cornwall. 
With    Biographical   Me- 
moranda and  copious  Lite- 
rary References. 
By  G.  C.  Boase  and  W. 
P.  Courtney. 

In  two  volumes;  Vol,  I,  A. "O,     Imp, 

%fVO,  21S, 
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Life  of  Alexander  von 

Humboldt. 

Compiled,  in  commemora- 
tion of  the  Centenary  of 
his  Birth,  by  y.  Lowen- 
berg,  R.  Av^-Lallemant, 
and  A.  Dove.  Edited 
by  Karl  Bruhns,  and 
translated  by  yane  and 
Caroline  Lassell. 

With  3  Portraits,     2  vols.  Svo.  361. 

Biographical  and  Criti- 
cal Essays,  reprinted  from 
Reviews,   with    Additions 
and  Corrections. 
By  A.  Hay  ward,  Q.C. 

Second  Series,  2  vols.   Svo.  2Ss. ;    TTiird 
Series,  i  voL  %vo,  I4r. , 

The  Life  of  Isambard 

Kingdom     Brunei,     Civil 
Engineer. 

By      Isambard     Brunei, 
B.C.L. 

With    Portrait,     Plates,     and    Woodcuts. 
Szw.  2is. 

Lord  George  Bentinck; 

a  Political  Biography. 
By    the    Right   Hon.   B. 
Disraeli,  M.P. 

Eighth  Edition.     Crown  Zvo.  6s. 

Memoir  of  George  Ed- 
ward Lynch  Cotton,  D.D. 
Bishop  of  Calcutta;  with 
Selections  from  his  jour- 
nals and  Correspondence. 
Edited  by  Mrs.  Cotton. 


Second  Editi-m^   with    Portrait. 
Svo.  *js.  6d. 


Crown 


The  Life  and  Letters  of 

the  Rev.  Sydney  Smith. 
Edited  by  his  Daughter, 

Lady      Holland,      and 

Mrs.  Austin. 

Crown  2fvo.  dr. 

The  Life  and  Times  of 

Sixttis  the  Fifth. 

By  Baron  Hilbner.  Trans- 
lated by  Hubert  E.  H. 
yemingham. 

2  vols,  8z/<7.  24r. 

Essays  in  Ecclesiastical 

Biography. 

By  the  Right  Hon.  Sir  y. 
Stephen,  LL.D. 

Cabinet  Edition.     Crown  9t/o.  Js.  6d. 

Leaders  of  Public  Opi- 

nion  in  Ireland;  Swift, 
Flood,  Grattan,  GConnell. 
By  W.  E.  H.  Lecky,  M.A. 

Croivn  Svo.  ys.  6d. 

Life    of  the    Duke    of 

Wellington. 

By  the  Rev.  G.  R.  Gleig, 
M.A. 

Popular  Edition,   Crown  Si'o.   rtnth  Por- 
trait, 5.r. 

Felix  Mendelssohn's 

Letters  from    Italy   and 
Switzerland,   and  Letters 
from  1833  to  1847. 
Translated  by  Lady  Wal- 
lace. 

With  Portrait.  2  vols,  crown  8tv.  5x.  each. 
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Dictionary    of   General 

Biography  ;  containing 
Concise  Memoirs  and  No- 
tices of  tlie  most  Eminent 
Persons  of  all  Countries^ 
from  the  Earliest  Ages  to 
the  Present  Time. 
Edited  by  W.  L.  R.  Gates. 

The  Rise  of  Great  Fami- 

lies;     other    Essays    and 

Stories. 

By   Sir  Bernard  Burke, 

C.B.     LL.D.       Ulster 

King'Of'A  rms. 

Crown  2ivo.  I2s.  6d, 


Lives  of  the  Queens  of 

England. 

By  Agnes  Strickland. 

IJbraryEdition\  with  Portraits^  Autographs^ 
and  Vignettes,  8  vols,  post  8zy7.  yj.  6</. 
each. 

Memoirs  of  Sir  Henry 

Havelocky  K.C.B. 
Byjohn  Clark  Marshman. 

Peoples  Edition,  with  Portrait,  Crown 
Svo,  3x.  6d, 

Vicissitudes  of  Families. 

By  Sir  J.  Bernard  Burke^ 
C.B.  Ulster  King-of 
Arms. 

New  Edition^  remodellfd    and    enlarged, 
2  vols,  crffwfi  %vo,  21  s. 


MENTAL  and  POLITICAL   PHILOSOPHY. 


TAe  System  of  Positive 

Polity,  or  Treatise  upon  So- 
ciology, of  Auguste  Comte, 
Author  of  the  System  of 
Positive  Philosophy. 
Translated  from  the  Paris 
Edition  of  1 851 -1854, 
and  furnished  with  Ana- 
lytical Tables  of  Contents. 

[In  preparation. 

In  Four  Volumes,  Svo.  to  be  published  sepa- 
rately, and  each  forming  in  some  degree 
an  independent  Treatise : — 

Vol.  I,  The  General  View  of  Positive 
Poliiy  and  its  Philosophical  Basis,  Tram- 
latedfyj.  H.  Bridges,  M,B.  formerly  Fellow 
of  Oriel  College,  Oxford, 

Vol.  II.  The  Social  Statics,  or  the  Ab- 
stract Laws  of  Human  Order,  Translated 
by  Frederic  Harrison,  M.A.  of  Littcoln^s 
Inn, 

Vol.  Ill,    The  Social  Dynamics^  or  the 


General  Laws  of  Human  Progress  {the  Phi- 
losophy of  History),  Translated  by  E.  S. 
Beesly,  M.  A.  Professor  of  History  in  Uni- 
versity College,  London, 

Vol,   IV,    The  Ideal  of  the  Future  of 
Mankind,  Translated  by  Richard  Congreve, 
M.D.  formerly  FelUno  and  Tutor  of  Wad- 
ham  College,  Oxford, 

Essays  Critical  &  Nar- 
rative, partly  original  and 
partly  reprinted  from  the 
Edinburgh,  Qtiarterly,  and 
ot/ier  Reviews. 
By  W.Forsyth,  Q.C.  M.P. 

^0,  i6s. 

Essays,  Political,  Social, 

and  Religious. 
By  Ric/id.  Congreve,  M.A. 
M.R.C.P,L. 

I  vol,  8jv.  [In  the  press 
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Essays  on  Freethinking 

and  Plainspeaking. 
By  Leslie  Stephen. 

Crown  %vo,  lOr.  6e/. 

Essays  -  selected    from 

Contributions  to  the  Edin- 
burgh Review. 
By  Henry  Rogers, 

New  Editwn,  in  which  the  Literary  and 
Theological  Essays  will  be  classed  in  two 
divisions  J  each  of  which  may  be  pur- 
chased separately,  [In  prepcwation. 

Selections  from  the  Cor- 
respondence of  R.  E.  H. 
Greyson, 
By  Henry  Rogers. 

New  Edition ^  revised,    [In  the  press. 

On    Representative  Go- 

vemment. 

By  John  Stuart  Mill. 

Fourth  Edition^  crown  %vo,  2s, 

On  Liberty. 

By  Johit  Stuart  Mill. 

Post  8zv.  7^.  dd,  crown  %vo,  is,  4//. 

Principles    of   Political 

Economy. 

By  John  Stuart  Mill. 

2  vols,  Svo,  30/".  or  I  vol,  crown  Svo,  5j. 

Essays  on  someUnsettled 

Questions  of  Political  Eco- 
nomy. 
By  John  Stuart  Mill 

Secotui  Edition,     ^0.  6s.  6d, 


Utilitarianism. 

By  John  Stuart  Mill. 

Fourth  Edition.     Svo,  $s. 

A     System    of   Logic, 

Ratiocinative  and  Indtu:- 
live.  By  yohn  Stuart  Mill. 

Eighth  Edition.     2  vols.  Zvo.  25^. 

Examination      of     Sir 

William  Hamilton's  P /it- 
losophy,  and  of  the  princi- 
pal Philosophical  Questions 
discussed  in  his  Writings. 
By  John  Stuart  Mill. 

Fourth  Edition.     Zvo.  i6s, 

TheSubjection  oflVomen. 

By  John  Stuart  Mill. 

New  Edition,     Post  ^0.  Jx. 

Dissertations   and  Dis- 
cussions. 

By  John  Stuart  Mill. 

Second  Edition.     3  vols.  %vo.  36^. 

Analysis  of  the  Pheno- 
mena of  the  Human  Mind. 
By    James    Mill.      New 
Edition,     with     Notes, 
Illustrative  and  Critical. 

2  vols,  ^0,  2Sf. 

A   Systematic  View  of 

the  Scieftce  of  Jurispru- 
dence. 

By  Sheldon  Amos,  M.A. 
Professor  of  Jurispru- 
dence   to    the   Inns    of 
Court,  Loftdon. 

Svo,  iSr. 
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^  Primer  of  the  English 

Coftstitutioft  and  Govern- 
ment. . 
By  Slieldon  Amos,  M.A. 

New  Edition^  revised.     Post  ^o. 

[In  October, 

Principles  of  Economical 

Philosophy. 

By  H.  D.  Macleod,  M.A. 
Barrister-at'Law. 

Second  Edition^  in  2  vols.   Vol  I,  Svo.  15J. 

The  Instihites  of  Jus- 
tinian; with  English  In- 
troduction, Translation, 
and  Notes. 

By  T.  C.  Sandars,  M.A. 
Barrister-at-Law. 

New  Edition,     Svo,  l$s. 

Lord  Bacon's  Works, 

Collected  and  Edited  by  R. 
L.  Ellis,  M.A.  7.  Sped- 
ding,  M.A.  and  D.  D. 
Heath. 

New  and  Cheaper  Edition,     ^  vols.  8zv. 

Letters     and    Life    of 

Francis  Bacon,  incltiding 
all  his  Occasional  Works. 
Collected  and  edited,  with 

a    Commentary,   by  y. 

Spedding. 

Vols.  I,  to  VI,  8w.  Iz.  I2J.      Vol.    VII. 
completing  the  work,  is  nearly  ready. 

The  Nicomachean  Ethics 

of  Aristotle.   Newly  trans- 
lated into  English. 
By  R.  Williams,  B.A. 

$vo.  12s, 


The  Politics  of  Aristotle; 

Greek  Text,  with  English 

Notes. 

By  Richard  Congreve,  M.A. 

New  Edition,  revised.     2afo, 

[In  t lie  press. 

The  Ethics  of  Aristotle ; 

with  Essays  and  Notes. 
By  Sir  A.   Grant,  Bart. 
M.A.  LL.D. 

Third  Edition,  revised  and  partly  re-written, 

[In  the  press. 

Bacon's    Essays^     with 

Annotations. 

By  R.  Whately,  D.D. 

New  Edition.     S/vo.  los,  6d. 

Elements  of  Logic. 

By  R.  Whately,  D.D. 

New  Edition,    Svo.  los,  6d,  cr.  Svo.  4J.  (kI. 

Elements  of  Rhetoric. 

By  R.  Whately,  D.D. 

New  Edition,    Svo.  los.  6d,  cr,  Svo,  4^,  6r/. 

An  Outline  of  the  Neces- 
sary Laws  of  Thought :  a 
Treatise  on  Pure  a7id 
Applied  Logic. 
By  the  Most  Rev.  W. 
T/wmson,  D.D.  Arch- 
bishop of  York. 

Ninth  Thmtsand,    Crown  Svo.  5^.  6</. 

An  Introduction  to  Men-^ 

tal  Philosophy,  on  the  hi- 

ductive  Method. 

By  7.  D.  Morell,  LL.D. 

Sfvo.  12s. 
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Elemcfits  of  Psychology, 

containing  the  Aftalysis  of 
the^  Intellectual  Powers. 
By  y.  D.  Morell,  LL.D. 

Post  8w.  7j.  6d, 

The  Secret    of  Hegel: 

being  the  Hegelian  System 
in  Origin^  Principle,  Fomty 
and  Matter. 
By  y.  H.  Stirling,  LL.D. 

2  volt.  Svo.  iSs. 

Sir  IVilliam  Hamilton  ; 

being   the    Philosophy    of 
Perception :  an  Analysis. 
By  y.  H.  Stirling,  LL.D. 

The  Philosophy  of  Ne-- 

cessity ;  or.  Natural  Law 
as  applicable  to  Mental, 
Moral,  and  Social  Science. 
By  Charles  Bray. 

Second  Edition,    Svo.  gs. 

Time  and  Space  ;  aMeta- 

physical  Essay. 
By  S.  H.  Hodgson. 

The  Theory  of  Practice  ; 

an  Ethical  Inquiry. 
By  S.  H.  Hodgson. 

2  vols,  ^0.  2\S,  I 


Ueberwe^s    System    of 

Logic,     and    History     of 
Logical  Doctrines. 
TranslcUed,  with  Notes  and 

AppCTidices,    by    T.   M. 

Lindsay,  M.  A.  F.R.S.E. 

Szw.  i6s. 

The  Senses  and  the 

Intellect. 

By  A.  Bain,  LL.D.  Prof 
of  Logic,  Univ.  Aberdeen. 

Mental    and    Moral 

Science;  a  Compendium  of 
Psychology  and  Ethics. 
By  A.  Bain,  LL.D. 

Third  Edition,  Crown  ^o.  los.  6d.  Or 
separately:  Part  /.  Mental  Science^  6s,  6d. 
Fart  II ,  Moral  Science^  4f .  6d, 

A    Treatise  on  Human 

Nature.   By  David  Hume. 
Edited^  with  Notes,  &c.  by 

T.  H.  Greeny  Eel.  ofBal. 

Coll.  and  T.  H.  Grose, 

Eel.  &  Tutor  of  Queen's 

Coll.  Oxford. 

2  vols.  2ivo.  [In  April. 

Essays  Moral,  Political^ 

and  Literary.  By  D.  Hume. 
By  the  same  Editors. 

2  vols,  Sz/o.  [In  the  press. 


MISCELLANEOUS   &  CRITICAL  WORKS. 


Miscellaneous  and  Post- 
humous Works  of  the  late 
Henry  Thomas  Btcckle. 
Edited,with  a  Biographical 
Notice,  by  Helen  Taylor. 

3  vols,  %vo,  £2.  12/.  6d. 


Short  Studies  on  Great 

Subjects. 

By  J.  A.  Froude,M.A. 
formerly  Fellow  of 
Exeter  Collegey  Oxford. 


2  vols,  crown  S/vo.  I2x. 
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Lord  Macaulay's  Mis- 
cellaneous Writings. 

Library  Edition,  2  w/t.  8w?.  Portrait^  21J. 
People's  Edition,  i  vol,  cr,  Sisw.  ^r.  6d. 

Lord  Macaulay's  Mis- 
cellaneous Writings  and 
Speeches. 

Crown  &Z/0,  dr. 

Speeches  of  the    Right 

Hon.  Lord  Macaulay,  cor- 
rected by  Himself. 

Peoples  Edition.     Crown  Svo.  y.  6d, 

LordMacaulay'sSpeeches 

on  Parliamentary  Reform 
in  1831  and  1832. 

xdmo,  is. 

The  Rev.  Sydney  Smiths 

Essays  contributed  to  the 
Edinburgh  Review. 

Authorised  Edition,  compleU  in  One  Volume, 
Crffwn  Sivo.  2s.  6d.  sewed,  or  y.  dd,  cloth. 

The  Rev.  Sydney  Smiths 

Miscellaneous  Works. 

Crown  Svo,  6s. 

The  JVit  and  Wisdom  of 

the  Rev.  Sydney  Smith ;  a 
Selection  of  the  most  memo- 
rable Passages  in  his  Writ- 
ings and  Conversation. 

Crown  dvo.  y,  6d. 

Manual  of  English  Lite- 

rature^     Historical     and 
Critical,  with  a  Chapter  on 
English  Metres. 
By  Thomas  Arnold,  M.A. 

New  Edition.     Croum  fev.  *js,  6d. 


Realities  of  Irish  Life. 

By  W.  Steuart  Trench. 

Cr,  %evo.  2s.  6d.  sewed,  or  y.  6d.  cloth. 

Lectures  on  the  Science 

of  Language. 

By  F.  Max  Muller,  M.A. 
&c.  Foreign  Member  of 
the  Freftch  Institute. 

Seventh  Edition.     2  vols,  craion  Svo.  l6s. 

Chips  from  a   German 

Workshop;    being  Essays 
on  the  Science  of  Religion, 
and  on  Mythology y  Tradi- 
tionSy  and  Customs. 
By  F.  Max  Mullery  M.A. 

3  voh.  Svo.  ^2. 

Families  of  Speech. 

Four  Lectures  delivered  at 
the  Royal  Institution. 
By  F.  W.  Farrar,  M.A. 
F.R.S. 

New  Edition.     Crown  Svo.  'y,  6d. 

Chapters  on  Language. 

By  F.  W.  Farrar,  M.A. 
F.R.S.  Master  of  Marl- 
borough College. 

New  Edition.     Crown  Svo.  Ss. 

Southey's   Doctor,   com- 

plete  in  One  Volume. 
Edited   by    Rev.    J.    W. 
Warter,  B.D. 

Square  crown  Svo.  I2s.  6d. 

Three  Centuries  of  Eng- 
lish Literature. 
By  Charles  D.  Yonge,  B.A. 

Crown  Svo.  Js.  6d. 
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A  Budget  of  Paradoxes, 

By  Augustus  De  Morgan^ 
F.R.AS. 

^eprinted^  with  Author's  Additions^  from 
the  Athenaeum.     8z/^.  15J. 

Recreations  of  a  Country 

Parson. 

By  A.  K.  H.  B. 

Two  Series,  y.  6d,  each. 

Seaside  Musings  on  Sun- 

days  and  Weekdays. 
By  A.  K.  H.  B. 

Crown  ^0,  y,  &d. 

Changed  A  spects  of  Un- 
changed  Truths ;    Memo- 
rials of  St.  Andrews  Sun- 
days. 
By  A.  K.  H.  B. 

Crown  Svo.  y.  6d. 

Counsel    and     Co^nfort 

from  a  City  Pulpit. 
By  A.  K.  H.  B. 

Crffivn  Svo.  y.  6d. 

Lessons  of  Middle  Age, 

with  some  Account  of  Vd- 
riotts  Cities  and  Men. 
By  A.  K.  H.  B. 

Crown  2iZHf,  y.  6d. 

Leisure  Hours  in  Town ; 

Essays  Consolatory, ^sthe- 

tical^   Morale   Social^  and 

Domestic. 

By  A.  K.  H.  B. 

Crown  Svo,  y.  6d, 


The  Autumn  Holidays 

of  a  Country  Parson. 
By  A.  K.  H.  B. 

Crown  Hvo.  y.  6d, 

Sunday   Afternoons   at 

the  Parish   Church  of  a 
Scottish  University  City. 
By  A.  K.  H.  B. 

Crown  8zv.  y.  6d, 

The  Commonplace  Phi-- 

losopfier    in     Town     and 

Country. 

By  A.  K.  H.  B. 

Crown  %vo,  y,  6d, 

Present-Day  Thoughts. 

By  A.  K.  H.  B. 

Crown  Sivo.  y.  6d. 

Critical    Essays 

Country  Parson. 
By  A.  K.  H.  B. 

Crown  &/<?.  y.  6d. 


of   a 


The  Graver  Thoughts  of 

a  Country  Parson. 
By  A.  K,  H.  B. 

Two  Series^  y,  (yd,  each. 

From  yanuary  to  De- 
cember; a  Book  for  Children. 

Second  Edition,     Svo,  y.  6d. 

Principles  of  Education, 

drawn  from  Nature  and 
Revelation,  and  applied  to 
Female  Education  in  tite 
Upper  Classes. 
By  t/ie  Author  of  ^  Amy 
Herbert.' 

2  vols,  fcp,  9z'o,  I2s,  6d, 
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The  GKeeffe  Case.    A 

full  Report  of  the  Case  of 
the  Rev.  Robert  OKeeffe  v. 
Cardinal  Cullen^  including 
the  Evidence  given  at  the 
Trial  before  Lord  Chief 
justice  Whiteside,  and  the 
judgments  delivered  by  the 
Courtof  Queen! s  Bench  {Ire- 
land^ upon  the  Points  of 
Law  raised  by  the  Plead- 
ings, With  an  Introduction 
by    H.     C    Kirkpatricky 
Barrister-at'Law. 


The  Election  of  Repre^ 

sentcUiveSy    Parliamentary 
and  Municipal;  a  Treatise. 
By  Thos.  Hare,  Barrister- 
at-Law. 

Fourth  Edition,     Post  %vo,  *js. 

Miscellaneous   TVritings 

of  John  Conington,  MA. 

late  Corpus  Professor  of 

Latin  in  the  University  of 

Oxford. 

Edited  by  y.  A.  Symofids. 
M.A.  With  a  Memoir 
by  H.  y.  S.  Smith,  M.A. 

2  vols,  Svo,  2&r. 


DICTIONARIES    and    OTHER    BOOKS    of 

REFERENCE. 


A    Dictionary    of    the 

English  Language. 

By  R.  G.  Latham,  M.A. 
M.D.  F.R.S.  Founded 
on  the  Dictionary  of  Dr. 
S.  yohfison,  as  edited  by 
the  Rev.  H.  y.  Todd, 
with  numerous  Emenda- 
tions and  Additions. 

4  vols,  ^0,  ;f  7. 

Thesaurus    of   English 

Words  and  Phrases,  classi- 
fied and  arranged  so  as  to 
facilitate  the  expression  of 
Ideas,  and  assist  in  L  iterary 
Composition. 

By  P.  M.  Roget,  M.D. 

Cr<nvn  %vo,  lor.  6d, 


English  Synonymes. 

By  E.  y.  Whately.  Edited 
by  Archbishop  Whately. 

Fifth  Edition,     Fcp,  Svo.  31. 

A  Practical  Dictionary 

of  the  French  and  English 

Languages. 

By  Professor  L^n  Contan- 
seau,  many  years  French 
Examiner  for  Military 
a7id  Civil  Appointments^ 
&c. 

Post  81V.  I  ox.  6^. 

Contanseau's  Pocket  Dic^ 

tionary,  French  and  Eng- 
lish^ abridged  from  the 
Practical  Dictionaryy  by 
the  Author. 

Square  \%mo,  y,  dd. 
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New  Practical  Diction-- 

ary  of  the  German  Lan- 
gtiage  ;    German  -  English 
and  English-German, 
By  Rev.  W.  L.  Blackley, 

M.A.  and  Dr.    C.  M. 

Friedldnder. 

Post  8w7.  7j.  dd. 

A  Dictionary  of  Roman 

and  Greek  Antiquities. 
With  about  2,cxx)  Engrav- 
ings on  Woody  from  Ancient 
Originals,  illustrative  of 
the  Industrial  Arts  and 
Social  Life  of  the  Greeks 
and  Romans. 
By  Anthony  Rich,  B.A. 

Third  Edition,    Crown  %vo.  Is.  6d, 

The  Mastery    of  Lan- 
guages;  or,  the   Art  of 
Speaking  Foreign  Tongues 
Idiomatically. 
By  Thomas  Prendergast 

Second  Edition,    fa/o,  6s, 

A  Practical  English  Die- 

tionary. 

By  John  T.  White,  D.D. 
Oxon.  and  T  C.  Donkin^ 
M.A. 

I  vol,  post  S/zfo.  uniform  with  Contanseau^s 
Practical  French  Dictionary. 

[In  the  press, 

A    Latin-English  Dic- 
tionary. 
By  John  T.  White,  D.D. 

Oxon.  and  J.  E.  Riddle, 

M.A.  Oxon. 

7hird  EcUHcn,  revised,     2  vols,  4to,  42s, 


JVhite's  College  Latin- 
English  Dictionary  ; 
abridged  from  the  Parent 
Work  for  t/ie  use  of  Uni- 
versity Students. 

Medium  $vo.  iSx. 

^  Latin -English  Dic- 
tionary for  Middle-Class 
Schools y  abridged  from  the 
Junior  Student's  Latin- 
English  Dictionary. 

By  John  T.  White,  D.D. 
Oxon. 

iSmo,  [In  the  press. 

White' syunior  Studenf  s 

Complete  Latin  -  English 
and  English-Latin  Dic- 
tionary. 

Square  l2mo.  1 2s, 

^  Greek-English  Lexi- 
con. 

Compiled  by  H.  G.  Liddell, 
D.D.  Dean  of  Christ- 
church,  and  R.  Scott, 
D.D.  Dean  of  Rochester. 

Sixth  Edition,     Crown  4A?.  361. 

A  Lexicon^   Greek  and 

English,  abridged  for 
Schools  from  Ltddell  and 
Scott's  Greek  -  English 
Lexicon. 

Fourteenth  Edition,     Square  l2mo,  ys,  6d. 
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An  English-Greek  Lexi-- 

cofty  containing  all  the  Greek 
Words  used  by  Writers  of 
good  authority. 
By  C.  D.  Yonge,  B.A. 

New  Edition,     4A?.  21/. 

Mr.  Yonges New  Lexicon  y 

English  andGreek.abridged 
frofHr  his  larger  Lexicon, 

Square  i2mo.  Ss,  6d, 

A  Sanskrit-English  Die-- 

iionary. 

Compiled  by  T.  Ben/ey. 

%vo.  52J.  6d. 

M'CuUochs  Dictionary, 

Practical^  Theoretical^  and 
Historicaly  of  Commerce 
and  Commercial  Naviga- 
tion, New  Edition^  revised 
and  corrected  to  the  Present 
Time;  with  a  Biographical 
Notice  of  the  Author. 
Edited  by  H.  G.  Reid. 

%vo.  63/. 

The  Post  Office  Gazetteer 

of  the  United  Kingdom :  a 
Complete  Dictionary  of  all 
Cities,  Towns,  Villages,  and 
of  the  Principal  Gentle- 
metis  Seats,  in  Great  Bri- 
tain and  Ireland,  referred 
to  the  nearest  Post  Town, 
Railway  &  Telegraph  Sta- 
tion; with  Natural  Features 
and  Objects  of  Note. 
By  7.  A.  Sharp. 

In  1  voL  Spc.  of  about  l,$QOpages» 

[In  the  press. 


A    General   Dictionary 

of  Geography,  Descriptive, 
Physical,  Statistical,  and 
Historical;  forming  a  com- 
plete Gazetteer  of  the  World. 
By  A.  Keith  Johnston, 
F.R.S.E. 

New  Edition,  thoroughly  revised, 

\ln  the  press. 

The  Public  Schools  A  tlas 

of  Modern  Geography.  In 
3 1  Maps,  exhibiting  clearly 
the  more  important  Physi- 
cal Features  of  the  Coun- 
tries delineated,  and  noting 
all  the  Chief  Places  of  His- 
torical, Commercial,  and 
Social  Interest. 
Edited,  with  Introduction, 
by  Rev.  G.  Butler,  M.A. 

Imperial  quarto,  y,  6d,  served;  51.  eloth. 

The  Public  Schools  Ma- 
nual of  Modem  Geography. 
Forming  a  Companion  to 
'  The  Public  Schools  Atlas 
of  Modern  Geography! 
By  Rev.  G.  Butler,  M.A. 

Principal  of  Liverpool 

College. 

[In  the  press. 

The  Public  Schools  Atlas 

of  Ancient  Geography. 

Edited,  with  an  Introduc- 
tion on  the  Study  of  An- 
cient Geography,  by  Rev. 
G.  Butler,  M.A.  Prin. 
cipal  of  Liverpool  Coll. 

Imperial  Quarto.  [In  the  press. 
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ASTRONOMY  and  METEOROLOGY. 


The   Universe  and   the 

Coming  Transits :  Pre- 
senting Researches  into  and 
New  Views  respecting 
the  Constitution  of  the 
Heavens ;  together  with  an 
Investigation  of  the  Condi- 
tions of  the  coming  Transits 
of  Venus.  [Recently  con- 
firmed by  a  unanimous  Vote 
of  the  chief  Astronomers  of 
Great  Britain.^ 
By  R.  A.  Proctor,  B.A, 

With  22  Charts  and  22  Diagrams,  Svo,  i6s. 

Essays  on    Astronomy. 

A    Series    of  Papers    on 

Planets  and  Meteors,   the 

Sun  and  Sun-surrounding 

Space,     Stars    and    Star 

Cloudlets. 

By  R.  A.  Proctor,  B.A. 

H'ith  10  P/aUs  and  24  Woodcuts.    ^0.  12s, 

The  Moon  ;  her  Motions, 

Aspect,  Scenery,  and  Phy- 
sical CoTiditioft. 
By  R.  A.  Proctor,  B.A. 

IVUh  Plates,  Charts,  Woodcuts,  and  Lunar 
Photographs,     Crown  ^o,  i^s. 

The  Sun  ;  Ruler ,  Light, 

Fire,  and  Life  of  the  Pla- 
netary System. 
By  R.  A.  Proctor,  B.A. 

Second  Edition,   Plates  and  Woodcuts,    Cr. 
Sva.  ij{s. 


Saturn  and  its  System. 

By  R.  A.  Proctor,  B.A. 

%vo.  with  14  Plates^  \\s. 

The  Orbs  Around  Us;  a 

Series  of  Familiar  Essays 
on  the  Moon  and  Planets, 
Meteors  and  Comets,  the 
Sun  and  Coloured  Pairs  of 
Suns. 

By  R.  A.  Proctor,  B.A. 

Crown  Svo.  7  j.  6d. 

Other  JVorlds  than  Ours; 

The  Plurality  of  Worlds 
Studied  under  the  Light 
of  Recent    Scientific    Re- 
searches. 
By  R.  A.  Proctor,  B.A. 

Third  Edition,  with  14  Hhtstraticns,     Cr, 
Svo.  ios,6d, 

Brinkley's    Astronomy. 

Revised  and  partly  re-writ- 
ten,  with  Additional  Chap- 
ters,  and  an  Appendix  of 
Qttestions for  Examination. 
By  John  W.  Stubbs,  D.D. 
Pel.  and  Tutor  of  Trin. 
Coll.  and  P.   Brunnow, 
Ph.D.  Astronomer  Royal 
of  Ireland,  and  Prof,  of 
Astronomy  in  the  Uni- 
versity of  Dublin. 

Crown  Svo,  6f. 
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Outlines  of  Astronomy. 

By  Sir  y.  R  W.  Herschel, 
Bart.  M.A. 

Latest  Edition,  with  Plates  and  Diagrams, 
Square  crown  Svo,  I2s, 

A  New  Star  Atlas,  for 

the  Library,  the  School,  and 
the  Observatory,  in  1 2  Cir- 
cular  Maps  {with  2  Index 
Plates).  Intended  as  a  Com- 
panion to  *  Webb's  Celestial 
Objects  for  Common  Tele- 
scopes.' With  a  Letterpress 
Introduction  on  the  Study 
of  the  Stars,  illustrated  by 
9  Diagrams. 
By  R.  A.  Proctor,  B.A. 

Crown  Svo.  $s. 

Celestial  Objects  for  Com- 
mon Telescopes. 
By   T.    W.    Webb,   M.A. 
RR.A.S. 

New  Edition^  with  Map  of  the  Moon  and 
Woodcuts,     Crown  Svo,  Js.  6d. 

LargerStarAtlasforthe 

Library,  in  Twelve  Cir- 
cular Maps,  I  j^in.  diameter, 
containing  all  the  Stars 
visible  to  the  naked  eye  and 
about  1,500  Objects  oj 
Interest,  viz.  Red  Stars, 
Double  Stars,  Cfc.  Photo- 
lithographed  by  A.  Bro- 
thers, RR.A.S.  With  2 
Index  Plates  and  a  Letter- 
press Introduction. 
By  Richard  A.  Proctor, 
BA.  F.R.A.S. 


Magnetism  and  Devia- 
tion of  the  Compels.  For 
the  use  of  Students  in  Navi- 
gation and  Science  Schools. 
By  y.  Merrifield,  LL.D. 

iSmo.  is.  (yd. 

Dove's  Law  of  Storms, 

considered  in  connexion  with 
the  ordinary  Movements  of 
the  Atmosphere. 
Translated  by  R.  H.  Scott, 
M.A. 

divo,  los,  6d. 

Air  and  Rain  ;  the  Be-- 

ginnings    of    a    Chemical 

Climatology. 

By  R.  A.  Smith,  Ph.D. 
F.R.S.  F.C.S.  Govt.  In- 
spector of  Alkali  Works. 

Svo.  24^* 

Nautical  Surveying,  an 

Introduction  to  the  Practi- 
cal and  Theoretical  Study 

of- 

By  yohn  Knox  Laugh  ton, 

M.A.  RR.A.S. 

Small  ^o,  6s, 

Schellen's  spectrum  A  na^ 

lysis,  in  its  Application  to 
Terrestrial  Substances  and 
thePhysical  Constitution  of 
the  Heavenly  Bodies. 
Translated  by  Jane  and 
C.  LasseH ;  edited,  with 
Notes,  by  W.  Huggins, 
LL.D.  F.R.S. 

Second  Edition.    Small  folio,  2^5.       I    With  \i  Plates  and  221  WoodaOs,  8v^.  2&r. 
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NATURAL    HISTORY    and    PHYSICAL 

SCIENCE. 


The  Correlation  of  Phy- 
sical Forces, 
By  the  Hon.  Sir   W.  R. 

Grove,    M.A.    F.R.S. 

&c. 

Sixth  Edition^  with  oth^r  CotUribuHons  to 
Scietue.     &v.  [///  the  press. 

Professor  Helmholtz' 

Popular  Lectures  on  Sciepi- 
tific  Subjects. 
Translated  by  E.  Atkinson, 
Ph.D.  F.C.S. 

With  many  Ulustraiive  Wood  Engrmngs. 
8zv.  I2J.  6d, 

Natural  Philosophy  for 

General  Readers  and  Young 
Persons  ;  a  Course  of  Phy- 
sics divested  of  Mathemati- 
cal Formula  and  expressed 
in  the  language  of  daily  life. 
Translated  from    Gafiofs 

Cours  de  Physique,  by  E. 

Atkinson,  Ph.D.  F.C.S. 

Cr.  &v.  with  404  Woodcuts,  *js,  6d. 

Ganofs   Elementary 

Treatise  on  Physics,  Ex- 
perimental and  Applied, 
for  the  use  of  Colleges  and 

Schools. 

Traftslated  aftd  edited  by  E. 
Atkinson,  Ph.D.  F.C.S. 

New  Edition^  revised  and  enlarged ;  Tvith  a 
Coloured  Plate  and  726  Woodcuts, 
Post  Sivo,  15J. 

Principles    of    Ani^fial 

Mechanics. 

By  the  R.v.  S.  Haughton, 
F.R.S. 

Second  Edition.     ^0.  lis. 


Text-Books  of  Science, 

Meclianical  and  Physical, 
adapted  for  the  use  of  Arti- 
sans and  of  Students  in 
Public  and  other  Schools. 
{T/ie  first  Ten  edited  by 
T.  M.  Goodeve,  M.A.  Lec- 
turer on  Applied  Science  at 
the  Royal  School  of  Mines; 
tJie  remainder  edited  by 
C.  W.  Merrifield,  F.R.S. 
an  Examiner  in  the  De- 
partment of  Public  Educa- 
tion.) 

Small  $z/o.     Woodcuts, 

Edited  by  T.  M.  Goodeve,  M.A. 

Anderson's  Strength  of  Materials,  3/.  6d. 
Bloxam's  Metals^  y.  6d, 
Goodeve*s  Mechanics,  jj.  6d. 

Mechanism,  y.  dd. 

Griffin's  Algebra  <Sr*  Trigonometry,  y.  6d. 

Notes  on  the  same,  with  Solutions,  ys.  6d. 
Jenkin's  Electricity  &*  Magnetism,  y.  6d. 
Maxwell's  Theory  of  Heat,  3^.  6</. 
Merrifield's  Technical  Arithmetic,  3J.  6</. 

Key,  y,  6d. 
Miller's  Inorganic  Chemistry,  y,  6d, 
Shelley's  Workshop  Appliances,  y,  6d. 
Watson's  Plane  <Sr»  Solid  Geometry,  y.  6d. 

Edited  by  C.  W.  Merrifield,  F.R.S. 

Armstrong's  Organic  Chemistry,  3X.  (td. 
Thorpe's  Quantitative  Analysis,  41.  6d. 
Thorpe  attd  Muir's   Qualitative  Analysis, 

Text-Books  in  preparation  : — 

To  be  edited  by  T.  M.  Goodeve,  M.A. — 

Goodeve's  Steam  Engine, 
Shelley's  Applications  of  Heat, 
Stokes's  Sound  and  Light, 

To  be  edited  by  C.W.  Merrifield,  F.R.S.— 

Butler's  Physical  Geography. 

Merrifield's     Geometry     attd    Mechanical 

DrcRving, 
Preece  and  Sivewright's  Telegraphy, 
Unwin's  Machine  Design, 
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Introduction  to  Experi- 
mental Physics,  Theoretical 
and  Practical ;  including 
Directions  for  Construct- 
ing Physical  Apparatus 
and  for  Making  Experi- 
ments. 

By  A.  F.  Weinhold,  Prof 
in  the  Royal  Technical 
School  at  Chemnitz. 
Translated  and  edited 
by  B.  Loewy,  F.R.A.S. 
With  a  Preface  by  G.  C. 
Foster y  F.R.S. 

With  numerous  Woodcuts,     ^0.  i%s. 

[In  ifu  press. 

Fragments  of  Science. 

By  yohn  Tyndally  LL.D. 
D.C.L.  F.R.S. 

TAird  Edition,     Svo,  14s, 

Heat  a  Mode  of  Motion. 

By  yohn  Tyndally  LL.D. 
D.C.L.  FR.S. 

Fourth  Edition,     Cr,  Siz/o,  with  Woodcuts, 
los,  6d, 

Sound;  a  Course  of  Eight 

Lectures   delivered   at  the 

Royal  Institution  of  Great 

Britain. 

By  John  Tyndally  F.R.S. 

Portrait  and  Woodcuts,     Cr,  ^0.  gs. 

Researches  on  Diamag- 

netism  and  Magne-Crystal- 

lic  Action;    including  the 

Question   of  Diamugnetic 

Polarity. 

By  John  Tyndally  F.R.S. 

HitAS  Plates  and  many  Woodcuts,  Svo,  14J. 


Lectures  on  Light,  de- 
livered in  the  United  States 
of  AmeHca  in  1872  and 

1873. 

By  y.  Tyndall,  F.R.S. 

Crown  Sevo,  *js,  6d, 

Notes  of  a    Course    of 

Seven  Lectures  on  Electri- 
cal Phefiomena  and  Theo- 
ries, delivered  at  the  Royal 
Institution,  a.d.  1870. 
By  J.  Tyndall,  F.R.S. 

Crown  9ivo,  is,  sewed,  or  is,  6d.  cloth. 

Notes  of  a  Course  of  Nine 

Lectures  on  Light,  delivered 

at  the  Royal  Institution  a.d. 

1869. 

By  7.  Tyndall,  FR.S. 

Crown  Svo,  is.  sewed,  or  is,  6d,  cloth. 

Elementary  Treatise  on 

the  Wave-  Theory  of  Light. 
By  H.  Lloyd,  D.D.  D.C.L. 

Provost  of  Trinity  Col- 

lege,  Dublin. 

Third  Edition,     Svo,  los,  6d, 

Professor  Owen's  Lec- 
tures on  the  Comparative 
Anatomy  and  Physiology 
of  the  Invertebrate  Ani- 
mals. 

2nd  Edition,  with  235  Woodcuts,    Svo.  2ls, 

The  Comparative  Ana-- 

tomy  and  Physiology  of  the 
Vertebrate  Animals. 
By  Richard  Owen,  F.R.S. 
D.C.L. 

With  1,472  Woodcuts,  ^vols.  8w.  £%,  iy.6d 
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Light  Science  for  Lei^ 

sure  Hours ;    a  Series  of 
Familiar  Essays  on  Scien- 
tific StcbjectSy  Natural  P he- 
nomenaj  &c. 
By  R.  A.  Proctor,  B.A. 

First  and  Second  Series.    2  iwls.  crown  &v. 
7x.  6d,  each. 

Kirby  and  Spence's  In-- 

troduction  to  Entomology, 
or  Elements  of  t/te  Natural 
History  of  Insects. 

Crown  9/vo.  5/. 

Strange  Dwellings;  aDe- 

scription  of  the  Habitations 
of  Animals,  abridged  from 
' Homes  witfunU  Hands' 

By    7.    G.    Wood,  M.A. 
F.L.S. 

IVUh  Frontispiece  and  60  Woodcuts,  Crown 
8zv.  7x.  6d, 

Homes  without  Hands  ; 

a  Description  of  the  Habi- 
tations of  Animals,  classed 
according  to  their  Principle 
of  Constrtution. 
By  the  Rev.  J.  G.  Wood, 
M.A.  F.L.S. 

With  about  140  Vignettes  on  Wood.  %vo,  2ij. 

Out  of  Doors  ;   a  Series 

of  Essays  on  Natural  His- 
tory. 

By  the  Rev.  J.  G.  Wood, 
M.A.  F.L.S.  Atithorof 
'Homes  without  Hands ' 
&c. 

With  6  Illustrations  from  Original  Designs 
engraved  on  Wood  by  G.  Pearson.  Cr. 
&v.  [In  the  press. 


The    Polar    JVorld :    a 

Popular    Description     of 
Man  and  Nature  in  tfie 
Arctic  and  Antarctic  Re- 
gions of  the  Globe. 
By  Dr.  G.  Hartzvig. 

With  ChromojcylographSy  Maps^  and  Wood- 
cuts.     9ivo.  lot.  6d. 

The  Harmonies  of  Na- 

ture  and  Unity  of  Creation. 
By  Dr.  G.  Hartwig. 

two.  with  numerous  lllustrationSy  i&f. 

The  Sea  and  its  Living 

Wonders. 

By  Dr.  G.  Hartwig. 

Fourth  Edition^  etilarged,  *  %vo.  with  many 
Illustrations^  los,  6d, 

The  Tropical  World ;  a 

Popular  Scientific  Account 
of  the  Natural  History  of 
the  Equatorial  Regions. 
By  Dr.  G.  Hartwig. 

With  about  200  Illustrations,    8zv.  lor.  6/. 

The  Subterranean  IVorld. 

By  Dr.  G.  Hartwig. 

With  Maps  atid  Woodcut  Illustrations.  $vo. 
2is. 

Geology   Simplified  for 

Beginners. 

By  A.  C.  Ramsay y  LL.D. 
T.  R.  S.  Director-  General 
of  the  Geological  Surveys 
of  the  United  Kingdom. 

{Forming  part  of  the  School  Series  in  course 
of  publication,  edited  by  the  Rev.  G.  R. 
Gleig,  M.A.)    i%mo,     [In  the  press. 
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Insects  at  Home;  aPopu-- 

lar  Account  of  British 
Insects,  their  Structure^ 
HabitSy  and  Transforma- 
tions. 

By  the  Rev.  J.  G.  Wood, 
M.A.  RL.S. 

With  upwards  of  *jQO  Woodcut  Ulu sir ations. 
Svo,  2is, 

Insects  Abroad ;  being  a 

Popular  Account  of  Foreign 
Insects,  theirStructure,  Ha- 
bits, and  Transformations. 
By  y.  G.  Wood,  M.A. 
RL.S. 

In  I  vol.  printed  and  illustrated  uniformly 
with  *  Insects  at  Home  J*     [In  the  press, 

A  Familiar  History  of 

Birds. 

By  E.  Stanley,  D.D.  late 
Ld.  Bishop  of  Norwich. 

Fcp,  with  Woodcuts,  y.  6d, 

Pocks  Classified  and  De- 

scribed. 

By  B.  Von  Cotta. 

English  Edition,  by  P.  H.  Lawrence  (with 
English,  German,  and  French  Syno- 
nynus),  revised  by  the  Author.  Post 
^o.  14s. 

The  Origin  of  Civilisa- 
tion, and  the  Primitive 
Condition  of  Man;  Men- 
tal and  Social  Condition  of 
Savages. 

By  Sir  y.  Lubbock,  Bart. 
M.P.  F.R.S. 

Second  Edition,  ttdth  2$  fVoodcuts,  Svo,  i&s. 


The  Earth  and  Man; 

or,  Physical  Geography  in 

its  relation  to  the  History 

of  Mankind. 

Translated  and  slightly 
abridged  from  the  French 
of  A.  Guyot,  with  Correc- 
tions, Notes,  and  Index. 

Fcp.  9^0.  2s, 

A  Manual  of  Anthro- 

pology,  or  Science  of  Man, 
based  on  Modern  Research. 

By  Charles  Bray. 

Crown  %vo.  5^. 

A  Phrenologist  amongst 

the  Todas,  or  the  Study  of 
a  Primitive  Tribe  in  Sotith 
India;  History,  Character, 
Customs,  Religion,  Infanti- 
cide, Polyandry,  Language. 

By  W.  E.  Marshall,  Lieut.- 
Col.  Bengal  Staff  Corps. 

With  26  Illustrations,     Svo.  21s. 

The  Ancient  Stone  Im- 
plements, Weapons,  and  Or- 
fiaments  of  Great  Britain. 

By  Johfi  Evatts,  F.R.S. 
F.S.A. 

IVith  2  Plates  afid  4-^6  Woodcuts,    8v<7.  2&r. 

The  Elements  of  Botany 

for  Families  a^id  Schools. 
Tenth  Edition,  revised  by 
Thomas  Moore,  F.L.S. 

Fcp,  with  154  Woodcuts^  2s,  6d, 
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Bible  Animals ;  a  De-  ' 

script  ion  of  every   Living  \ 
Creature  mentioned  in  the 
Scriptures,  from  the  Ape 
to  the  Coral. 

By  the  Rev.  J.  G.  Wood, 
M.A.  F.L.S. 

IVUh  about  loo  VtgnOtes  on  Wood.  Svo.  2ix. 


TAe    Rose    Amateur's 

Guide. 

By  Thomas  Rivers. 

Tenth  Edition.     Fcp.  %vo.  41. 

A  Dictionary  of  Science, 

Literature,  and  Art. 

Fourth  Edition,  re-edited 
by  the  lateW.  T.  Brande 
(the  A  uthor)  and  George 
W.  Cox,  M.A. 

3  vols,  medium  8zv.  63X. 

Loudon's    Encyclopcedia 

of  Plants  ;  comprising  the 
Specific  Character,  Descrip- 
tion, Culture,  History,  &c. 
of  all  the  Plants  found  in 
Great  Britain. 

With  upwards  of  iz^oooWoodcuts,  %vo.  42s. 

The  Treasury  of  Botany, 

or  Popular  Dictionary  of 

the    Vegetable    Kingdom '; 

with  which  is  incorporated 

a    Glossary  of  Botanical 

Terms, 

Edited    by     J.    Lindley, 

F,R.S.   and   T.  Moore, 

KLS. 

With  274  Woodcuts  arid  20  Steet  Plates, 
TuH>  Parts,  fcp,  ^0,  I2f. 


Handbook     of     Hardy 

Trees,  Shrubs,  Herbaceous, 
Plants ;  containing  Des- 
criptions, Native  Countries, 
&lc.  of  a  selection  of  the 
Best  Species  in  Cultivation  ; 
together  with  Cultural  De- 
tails, ComparcUive  Hardi- 
ness, suitahility for  particu- 
lar positions,  &c.  Based 
on  the  French  Work  of 
Messrs.  Decaisne  and 
Naudin,  and  including  the 
7  20  OrigiTial  Vf^  wdctU 
Illustrations. 

By  W.  B.  Hemsley,  former- 
ly Assistant  at  the  Her- 
barium of  the  RoycU 
Gardens,  Kew. 

Medium  Svo.  21/. 

A    General  System    of 

Descriptive  and  Analytical 
Botany:  I.  Organography, 
Anatomy,  and  Physiology 
of  Plants;  II.  Iconography, 
or  the  Description  and  His- 
tory of  Natural  Families. 

Translated  from  theFrench 
of  E.  Le  Maout,  M.D. 
and  y.  Decaisne,  by  Mrs. 
Hooker.  Edited  and 
arranged  according  to  the 
Botanical  System  adopted 
in  the  Universities  and 
Schools  of  Great  Britain, 
by  y.  D.  Hooker,  M.D. 
&c.  Director  oftheRoyal 
Botanic  Gardens,  Kew. 

fyitA  S,$ooIVoodeuts.  /mperiat$vo.S2s.6tt. 
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CHEMISTRY,    MEDICINE,    SURGERY,    and 

the    ALLIED    SCIENCES. 


A   Dictionary  of  Che-- 

mis  try    and    the    Allied 

Branches  of  other  Sciences. 

By  Henry   Watts,  F.CS. 

assisted      by      eminent 

Scientific  and  Practical 

Chemists. 

6  vols,  medium  S/z/o,  £S,  14s,  6d. 

Second  Supplement  com- 
pleting the  Record  of  Dis- 
covery to  the  end  of  1872. 

\In  the  press. 

Contributions    to   Mole- 

cular  Physics  in  the  do- 
main of  Radiant  Heat. 
By  yohn  Tyndall^  F.R.S. 

WUh  2  Plates  and  y.  Woodcuts,     %vo,  l6x. 

A  Manual  of  Chemical 

.  Physiology,  including  its 
Points  of  Contact  with 
Pathology. 

By  y.  L.  TV.  Thvdichum, 
M.D. 

Sfvo,  wit  A  fVoodcutSf  Js,  6d, 

Miller's     Elements     of 

Chemistry y  Theoretical  and 
Practiced. 

Re-edited,  with  Additions, 
by  H.  Macleod,  F.C.S. 

3  vols,  Svo.  jCS- 

Part     I.  Chemical  Physics,  15J. 
Part   II.  Inorganic  Chemistry,  21s. 
Part  III.  Organic  Chemistry,  2^, 


A    Course  of  Practical 

Chemistry,  for  the  use  of 
Medical  Students. 
By  W.  Odling,  F.R.S. 

New  Edition^  with  70  new  Woodcttis. 
Crown  ^fvo,  'js,  6d, 

Select  Methods  in  Chemi- 
cal Analysis,  chiefly  Inor- 
ganic. 
By  Wm.  Crookes,  F.R.S. 

\Yith  22  Woodcuts,     Crown  Bivo.  12s.  6d. 

Lectures   on   the   Prin- 

ciples     and     Practice    of 

Physic. 

By  Sir  Thomas  Watson, 
Bart.  M.D.  Physician- 
in-Ordinary  to  the  Queen. 

Fifth  Edition^  thoroughly  revised.     2  vols, 
Sivo,  3dr. 

Lectures     on     Surgical 

Pathology. 

By  Sir  ^atnes  Paget,  Bart. 
F.R.S.  Third  Edition, 
revised  and  re-edited  by 
the  A  uthor  and  Professor 
W.  Turner,  M.B. 

Svo,  with  131  Woodcuts,  21s, 

On  the  Surgical  Treat-- 

m^nt  of  ChUdretis  Diseases. 

By  T.  Holmes,  M.A.  &c. 
late  Surgeon  to  the  Hos- 
pital for  Sick  Children. 

Second  Edition,  with  9  Plates  and  II 2 
Woodcuts,     %vo,  %ls, 

D 
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Anato7ny,      Descriptive 

and  Surgical. 

By  Henry  Gray^  F.R.S. 
With  about  410  Wood- 
cuts from  Dissections. 
Sixth  Edition,  by  T. 
Holmes,  M.A.  With  a 
New  Introduction  by  the 
Editor. 

Royal  %vo.  2&r. 

Quain's     Elements     of 

Anatomy. 

Seventh  Edition  [1867]. 
Edited  by  W.  Sharpy, 
M.D.  F.R.S.  Allefi 
Thomson,  M.D.  F.R.S. 
and  y.  Cleland,  M.D. 

With  upwards  o/^oo  Engravings  on  Wood. 
2  vols.  ^tvo.  3 1  J.  6d. 

A   System  of  Surgery, 

Theoretical  and  Practical, 

in    Treatises    by    Various 

Authors. 

Edited  by  T.  Holmes, 
M.A.  &c.  Surgeon  and 
Lecturer  on  Surgery  at 
St.  Georges  Hospital. 

Second  Edition,  with  numerous  Illustrations. 
5  vols.  Svo.  £$.  $s. 

The  Science  and  Art  of 

Surgery ;  being  a  Treatise 
on  Surgical  Injuries,  Dis- 
easeSy  and  Operations. 
By  John  Eric  Erichsen, 
Senior  Surgeon  to  Uni- 
versity College  Hospital. 

Sixth  Edition,  revised  and  enlarged,  with 
712  Woodcuts.     2  vols.  S>uo.  32X. 


A  Treatise  on  the  Con-- 

tinued   Fevers    of    Great 
Britain. 

By  Chas.  Murchison,  M.D. 
LL.D.  F.R.S.  F.R.C.P. 

&c. 

Second  Edition^  with  numerous  lUustraiions^ 
%(vo.  24X. 

Clinical  Lectures  on 

Diseases     of    the     Liver, 

yaundice,  and  Abdominal 

Dropsy. 

By  C.Murchisony  M.D.  &c. 

New  Edition  in  preparation. 

Todd     and     Bowman's 

Physiological  A  natomy,  and 
Physiology  of  Man. 

With  numerous  lUustratiotis.    Vol.  II.  8tt?. 
25J. 

Vol.  I.  New  Edition  by  Dr,  LIONEL  S. 
Beale,  F.R.S.  in  course  of  publication^ 
with  numerous  lUustrations.  Parts  I.  and 
II.  'js.  6d.  each. 

Outlines  of  Physiology^ 

Human  and  Comparative. 

By  y.  Marshall,  F.R.C.S. 
Surgeon  to  the  Univer- 
sity  College  Hospital. 

2  vols.  cr.  8w.  with  122  Woodcuts,  32J. 

On  the  Surgical  Diseases 

of  the  Teeth  and  Contigu- 
ous Structures.  With  their 
Treatment. 

By  S.  y.A.  Salter,  M.B. 
jF.jR.S.  Dental  Surgeon 
to  Guys  Hospital. 

$vo.  with  numerous  Illustrations. 

[In  October. 
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Lectures  on  Diseases  of 

Infancy  and  Childhood. 
By  Chas.  West,  M.D.  &c. 

Sixth  Edition,     Svo.  iSs. 

A   Treatise  on  Medical 

Electricity,  Theoretical  and 
Practical ;  and  its  tises  in 
the  Treatment  of  Paraly- 
sis, Neuralgia,  and  other 
Diseases. 

By  yulius  AlthauSy  M.D. 
M.R.C.P.  &c. 

Third  Edition ^  for  the  most  part  re-written^ 
With  Plate  and  Woodcuts,  Post^o,  i8x. 

Lectures  on  Fever  de- 
livered in  tfie  Theatre  of 
the  Meath  Hospital  and 
County  of  Dublin  Infirm- 
ary, 

By  W.  Stokes,  M.D.  D.C.L. 
Oxon.  F.R.S.  Physician 
to  t/ie  Queen  in  Ireland. 
Edited  by  J.  W.  Moore, 
M.D.  F.K.Q.C.P. 

9vo,  15^. 


Dr.  PereircCs  Elements 

of  McUeria  Medica  and 
Therapeutics,  abridged  and 
adapted  for  the  u^e  of 
Medical  and  Pharmaceu- 
tical Practitioners  and 
Students. 
Edited  by  Prof.  Bent  ley, 

F.L.S.  &c.  and  by  Dr. 

Redwood y  F.C.S.  &c. 

With  125  Woodcut  Illustrations^  ^0,  25/. 

Copland's  Dictionary 

of  Practical  Medicine, 
abridged  from  the  larger 
work,  and  throughout 
brought  down  to  the  present 
state  of  Medical  Science. 

T/ie  Essentials  of  Mate- 
ria Medica  and  Therapeu- 
tics. 

By  A.  B.  Garrod,  M.D. 
F.R.S.  &c.  Physician  to 
Kin^s  College  Hospital. 

Third  Edition.      Crown  ^0,  12s,  6d. 


The    FINE    ARTS    and    ILLUSTRATED 

EDITIONS. 


Grotesque  AnimalSy  in- 
vented, described,  and  por- 
trayed by  E.  W.  Cooke, 
R.A.  F.R.S.  F.G.S.  F.Z.S. 
in  24  Plates,  with  Elucida- 
tory Comments. 

Royal  4/^.  2 1  J. 


Albert  Durer^  his  Life 

and  Works;  including  Au- 
tobiographical Papers  and 
Complete  Catalogttes. 
By  William  B.  Scott. 

With  6  Etchings  by  the  Author  and  other 
Illustrations,     Hz/o.  I  dr. 
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In  Fairyland ;  Pictures 

from  the  Elf-  World.  By 
Richard  Doyle.  With  a 
Poem  by  W.  Allingham. 

With  i6  coloured  Plains,  containing  36  De- 
signs.     Folio,  3IX.  6^. 

A  Dictionary  of  Artists 

of    the    English    School: 
Painters,  Sculptors,  Archi- 
tects, Engravers,  and  Orna- 
mentis ts;   with  Notices  of 
their  Lives  and  Works. 
By  Samuel  Redgrave. 

^o.  i6s. 

The  New  Testament,  il- 
lustrated with  Wood  En- 
gravings  after  the  Early 
Masters,  chiefly  of  the 
Italian  School. 

Crown  4/9.  63r. 

The  Life  of  Man  Sym- 
bolised by  the  Months  of 
the  Year. 
Text  selected  by  R.  Pigot. 

25  Illustrations  on  Wood  from  Designs  by 
John  Leigkton,  F.S.A,      Quarto,  42s. 

Lyra     Germanica,    the 

Christian  Year, 
Translated    by    Miss    C. 
Winkworth. 

With  about  325  Woodcut  Illustrations  by  J. 
Leigkton,  F,S.A,  and  other  Artists. 
2  vols,  4A7.  price  42s. 


Cats  and  Parties  Moral 

Emblems;  withAphorismSy 
Adages^  and  Proverbs  of  all 
Nations:  comprising  121 
Illustrations  on  Wood  by 
y.  Leightony  F.S.A.  with 
an  approf^riate  Text  by  R. 
Pigot. 

Imperial  ^nfo.  3IJ.  6</. 

Sacred  and   Legendary 
Art. 

By  Mrs.  Jameson. 

6  vols,  square  crown  &v.  price £^,  15J.  ()d, 
as  follows: — 

Legends   of  the  Saints 

and  Martyrs. 

New  Edition^  with  19  Etchings  and  187 
Woodcuts,     2  vols,  3 1  J.  6^. 

Legends  of  the  Monastic 

Orders, 

New  Edition^  7viih   II   Etchings  and  88 
Woodcuts,     I  vol,  2is, 

Legends  of  the  Madonna. 

New  Edition^  with  27  Etchings  and  165 
Woodcuts,     I  vol,  2ls, 

The  History  of  Our  Lord, 

with  that  of  his  Types  and 
Precursors. 

Completed  by  Lady  East- 
take. 

Revised  Edition^  with  13  Etchings  and  281 
Woodcuts,     2  vols,  42J. 
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The    USEFUL    ARTS,    MANUFACTURES,    &e. 


Industrial  Chemistry  ;  a 

Mantml  for   Manufactu- 
rers and  for  Colleges  or 
Technical  Schools.  Being  a 
Translation  of  Professors 
Stohmann    and  Englers 
German  Edition  of  Pay  ens 
^  Prdcis  de  Chimie  Indus- 
trie lie,  by  Dr.  J.  D.  Barry. 
Editedy  and  supplemented 
with    Chapters    on    the 
Chemistry  of  the  Metals^ 
by  B.  H.  Paul,  Ph.D. 

•     ^0.  with  Plates  and  Woodcuts, 

[In  tA^  press. 

A  Manual  of  Architec- 
ture :  being  a  Concise  His- 
tory and  Explanation  of  the 
Principal  Styles  of  Euro- 
pean Architecture^  Ancienty 
Medueval,  and  Renaissance; 
with  their  Chief  Variations 
and  a  Glossary  of  Technical 
Terms. 
By  Thomas  Mitchell. 

With  150  Woodcuts.     Crown  Svo.  los.  6d, 

History    of  the   Gothic 

Revival ;  an  Attempt  to 
shew  how  far  the  taste  for 
MedicBval Architecture  was 
retained  in  England  during 
the  last  two  centuries^  and 
has  been  re-developed  in  the 
present. 

By  C.  L.  East  lake,  Archi- 
tect. 

With  48  Illustrations,     Imp,  ^00,  3IJ.  6</. 


Gwilfs  Encyclopcedia  of 

A  rchitecturCy    with    above 

1,600  Woodcuts. 

Fifth  Edition,  with  Altera- 
tions and  Additions,  by 
Wyatt  Papworth. 

S^o.  52^.  6d. 

The    Three    Cathedrals 

dedicated  to  St.  Paul  in 
London ;  their  History 
from  the  Foundation  of 
the  First  Building  in  the 
Sixth  Century  to  the  Pro- 
posals for  the  Acbmment 
of  the  Present  Cathedral. 
By  W.  Longman,  F.S.A. 

With  numerous  IllttsiraHons.  Square  crown 
82/(7.  2 IX. 

Hints    on     Household 

Taste   in  Furniture^   Up- 
holstery, and  other  Details. 
By   Charles  L.  Eastlake, 
Architect. 

yew  EdUioHj  with  about  90  Illustrations. 
Square  crown  Svo,  14s, 

Geometric  Turning;  com- 
prising a  Description  of  the 
New  Geometric  Chuck  con- 
strticted  by  Mr.  Plant  of 
Birmingham^  with  Direc- 
tions for  its  usCy  and  a 
Series  of  Patterns  cut  by 
it,  with  Explanations. 
By  H.  S.  Savory. 

With  571    Woodcut  UlusiratioHs,     Square 
crown  ^0.  2 1  J. 
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Lathes     and    Turning, 

Simple,    Mechanical,    and 

Ornamental 

By  W.  Henry  Northcott. 

With  about  240  Illustrations  on  Steel  and 
Wood,     ifvo,  \%s. 

Handbook  of  Practical 

Telegraphy. 

By  R.  S.  Culley,  Memb. 
Inst,  C,E,  Engineer-in- 
Chief  of  Telegraphs  to 
the  Post-Office. 

Sixth  Edition,  Plates  ^Woodcuts,  8w.  i6j. 

Principles  of  Mechanism, 

designed  for  the  use  of  Stu- 
dents in  the  Universities, 
and  for  Engineering  Stu- 
dents generally. 
ByR.  Willis,  M.A.F.R.S. 
Professor  in  the  Univer- 
sity of  Cambridge. 

Second  Edition,  with  374  Woodcuts,  $vo,  i&r. 

Elementary  Introduction 

to  Practical  Mechanics,  il- 
lustrated by  numerous  Ex- 
amples. 

By  the  Rev.  y.  F.  Twisden, 
M.A.  Prof,  of  Mathe- 
matics in  the  Staff  Coll. 

Fifth  Edition,    Crown  d/vo.  10s.  6d. 

First  Lessons  in   Theo- 
retical Mechanics. 
By  the  Rev,  y,  F.  Twisden, 
M.A.  Prof,  of  Mathe- 
matics in  t/ie  Staff  Coll. 

Crown  8z/<?.  with  Diagrams,    [In  the  press. 


Perspective ;  or,  the  Art 

of  Drawing  what  one  Sees, 
Explained  and  adapted  to 
the  Use  of  those  Sketching 
from  Nature, 
By  Lieut,  W,  H.  Collins, 
R,E.  F.R.A.S. 

With  37  Woodcuts.     Crown  8rv.  $x. 

EncyclopcBdia    of    Civil 

Engineering,  Historical, 
Theoretical,  and  Practical. 
By  E.  Cresy,  C.E. 

With  aboroe  3,000  Woodcuts,    %vo,  4Zf. 

Catechism  of  the  SteAm 

Engine,  in  its  various  Ap- 
plications to  Mines,  Mills, 
Steam  Navigation,    Rail- 
ways, and  Agriculture. 
By  yohn  Bourne,  C.E. 

New  Edition,  with  89  Woodcuts,  Fcp,  Svo.  6s, 

Handbook  of  the  Steam 

Engine. 

By  y.  Bourne,  C.E,  form- 
ing a  Key  to  tJie  Author^ s 
Catechism  of  the  Steam 
Engine. 

With  67  Woodcuts,     Fcp,  ^0.  9J. 

^  Treatise  on  the  Steam. 

Engine,  in  its  various  aP' 
plications  to  Mines^  Mills, 
Steam  Navigation,    Rail- 
ways and  Agriculture. 
By  y.  Bourne,  C.E. 

With  Portrait,  37  Plates,  and  546  Wood* 
cuts,    4/(7.  42J. 
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Recent  Improvements  in 

the  Steam  EnginCy  includ- 
ing many  New  Examples, 
By  y.  Bourney  C.E. 

IVUh  124  Woodcuts,     Fcp,  Svo.  6s, 

The  Engineer's  Hand-- 
book ;  explaining  the  Prin- 
ciples which  should  guide 
the  Young  Engineer  in  the 
Construction  of  Machinery ^ 
with  the  necessary  Rules, 
Proportions,  and  Tables. 
By  C.  S.  Lowndes. 

Post  2^0.  5^. 

Ure's  Dictionary  of  Arts  y 

Manufactures,  and  Mines. 
Sixth  Edition,  re-written 
and  greatly  enlarged  by 
R.  Hunt,  F,R,S.  assisted 
by  numerous  Contributors. 

With  2,000  Woodcuts,    3  vols,  medium  %vo, 
£4,  14s.  6d, 

Guns  and  Steel ;  Miscel- 
laneous Papers  on  Mechani- 
cal Subjects. 
By  Sir  ^os,    Whitworth, 

Bt.  C.E.  RR.S.  LL.D. 

D.C.L. 

With  numerous  Illustrations,    Royal  Svo. 
Js,  6d. 

Practical    Treatise    on 

Metallurgy, 

Adapted  from  the  last  Ger- 
man Edition  of  Professor 
KerVs  Metallurgy  by  W. 
Crookes,  F.R.S.  &c.  and 
E.  Rohrig,  Ph.D. 

3  vols,  Svo,  with  625  Woodcuts,  £4,  19X. 


Treatise  on   Mills  and 

Millwork. 

By  Sir  W.  Fairbairn,  Bt. 
F.R.S. 

With  18  Plates  and  322  Woodcuts,     2  vols, 
Svo,  32J. 

Useful  Information  for 

Engineers. 

By  Sir  W.  Fairbairn,  Bt. 
F.R.S. 

With  many  Plates  and  Woodcuts,     3  vols, 
croivn  Svo.  3IJ.  6d, 

The  Application  of  Cast 

and  Wrought  Iron  to 
Building  Purposes, 

By  Sir  W.  Fairbairn,  Bt. 
FR.S. 

With  6  Plates  and  118  Woodcuts.  Svo,  i6s. 

The  Strains  in  Trusses 

Computed  by  means  of  Dia- 
grams ;  with  20  Examples 
drawn  to  Scale. 

By  F.  A.  Ranken,  M,A. 
C.E. 

With  35  Diagrams,  Square  cr,  Svo.  6s.  6d, 

A  Handbook  of  Dyeing 

and  Calico  Printing. 

By  W.  Crookes,  F.R.S.  &c. 

Illustrated  with  numerous  Specimens  of 
Dyed  Textile  Fabrics,  Svo,   [In  May. 

Occasional  Papers. 

By  Michael  Scott,  Memb. 
Inst.  C.E.  Memb.  Inst. 
N,A. 

(In  Two  Volumes.)    Vol.  I,  Ciuil  Engineer'- 
ing,  with  many  Plates  of  Diagrams. 

[Nearly  ready. 
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MitchelVs    Manual    of 

Practical  Assaying. 

Fourth  Edition,  revised, 
with  the  Recent  Disco- 
veries incorporated,  by 
W.  Crookes,  F.R.S. 

Bayldon's  Art  of  Valu- 
ing Rents  and  Tillages,  and 
Claims  of  Tenants  upon 
Quitting  Farms,  both  at 
Michaelmas  and  Lady- 
Day, 

Eighth  Edition,  revised  by 
y.  C.  Morton. 


Loudofis    Encyclopcedia 

of  Gardening :  comprising 
the  Theory  and  Practice  of 
Horticulture,  Floriculture, 
Arboriculture,  and  Land- 
scape Gardening. 

IVUh  i|000  Woodcuts,     ^vo,  2U. 

Loudon- s    Encyclopcedia 

of  Agriculture :  comprising 
the  Laying-out,  Improve- 
ment, and  Management  of 
Landed  Property,  and  the 
Cultivation  and  Economy 
of  the  Productions  of  Agri- 
culture. 

With  1,100  Woodcuts,    ^o.  2ls, 


RELIGIOUS    and 

^n  Exposition  of  the  39 

Articles,    Historical    and 
Doctrinal. 

By  E.  H.  Browne,  D.D. 
Bishop  of  Winchester. 

Ninth  Edition,     Bvo,  I  dr. 

An  Introduction  to  the 

Theology  of  the  Church  of 
England,  in  an  Exposition 
of  the  Thirty-nine  Articles. 
By  Rev.    T.  P.  Boultbee, 
LL.D. 

Fcp,  ^0,  6s, 

Historical  Lectures  on 

the  Life  of  Our  Lord  Jesus 
Christ ;  being  the  Hulsean 
Lectures  for  1859. 
By  C.  J.  Ellicott,  D.D. 

Fifth  Edition,     ^vo,  I2J. 


MORAL     WORKS. 

Texts  and  Thoughts  for 

Christian  Ministers. 
By  y.  Harding,  D.D.  late 
Bishop  of  Bombay. 


Crown  8v^. 


[In  the  press. 


Sermons  for  the  Times 

preached    in     St.    PauPs 
Cathedral  and  elsewhere. 

By  Rev.  T.  Griffith,  M.A. 
Preb.  of  St.  Paul's. 

Crown  Svo.  6s, 

Fundamentals;  or^  Bases 

of  Belief  concerning  Man 
and    God:    a    Handbook 
of   Mental,    Moral,    and 
Religious  Philosophy. 
By  Rev.  T.  Griffith,  M.A. 

$vo.  los,  6d, 
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monyms  of  the  Old  Tes- 
tament, titeir  Bearing  on 
Christian  Faith  and 
Practice. 

By  Rev.  R.  B.  Girdlestone, 
M.A. 

Bvo,  1 5 J. 

Reasons  of  Faith;   or, 

the  Order  of  the  Christia^i 
Argumeftt  Developed  and 
Explained. 

By  Rev.  G.  S.  Drew,  M.A. 

Second  Edition,    Fcp.  8z/<7.  dr. 


The  Eclipse  of  Faith  ; 

or  a   Visit  to  a  Religious 
Sceptic. 

By  Henry  Rogers. 

Latest  Edition,     Fcp,  %vo.  5j. 


Defence  of  the  Eclipse  of 

Faith. 

By  Henry  Rogers. 

Latest  Edition,     Fcp.  ^o.  y.  6d, 


The     Outlines    of    the 

Christian  Ministry  De- 
lineatedy  and  drought  to  the 
Test  of  Reason,  Holy 
Scripture,  History,  and 
Experience. 

By  C.  Wordsworth,  D.CL. 
Bishop  of  St.  Andrews. 

Crovm  Bvo.  7/.  6d, 


The  Life  and  Epistles  of 

St.  Paul. 

By  Rev.  W.  y.  Co7iybeare, 
M.A.  and  Very  Rev,  J, 
S.  Howson,  D,D.  Deafi 
of  Chester. 

Three  Editions : — 

Library  Edition,  with  all  the  Original 
Illustrations^  Maps,  Landscapes  on  Steel, 
Woodcuts,  dr'c,     2  vols.  4/^.  48J. 

Intermediate  Edition,  ivith  a  Selection 
of  Maps,  Plates ^  and  Woodcuts.  2  vols, 
squdre  crown  Svo,  2is. 

Student's  Edition,  revised  and  condensed^ 
with  46  Illustrations  and  Maps,  I  vol. 
crown  %vo.  9J. 

A  Critical  and  Gram- 
matical Commentary  on  St. 
Paul's  Epistles. 
By  C.  7.  Ellicott,  D.D.  Bp. 
of  Gloucester  and  Bristol. 

9/vo,  Galatians,  Ss.  6d,  Ephesians,  Sx.  6d. 
Pastoral  Epistles,  los.  6d,  Philippi- 
ans,  Colossians,  &  Philemon,  lOr.  6d. 
Thessalonians,  Js,  6d,  • 

The  Voyage  and  Ship- 
wreck of  St.  Paul ;  with 
Dissertations '  on  tlie  Ships 
and  Navigation  of  the 
Ancients. 
By  James  Smith,  F.R.S. 

Crown  %fuo.  Charts,  \os,  6d, 

Evidence  of  the  Truth 

of  the  Christian  Religio7t 
derived  from  the  Literal 
Fulfilment  of  Prophecy. 
By  Alexander  Keith,  D.D. 

40A4  Edition^  with  numerous  Plates. 
Square  Sfi/o,  12s,  td,  or  in  post  8t'^. 
with  5  Plates,  dr. 
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Historical  and  Critical 

Commentary    on   the   Old 

Testament;   with  a  New 

Translation. 

By  M.  M.  Kalisch,  Ph.D. 

Vol.  /.  Genesis,  ^vo,  i%s,  or  adapted  for  tlu 
General  Reader^  lis.  Vol.  IL  Exodus, 
15X.  or  <idapted  for  the  General  Reader ^ 
I2s.  Vol.  III.  Leviticus,  Part  I.  15J. 
or  adapted  for  the  General  Reader^  w. 
Vol.  IV,  Leviticus,  Part  II.  15J.  or 
adapted  for  the  Gefural  Reader ^  8j. 

The  History  and  Litera- 
ture of  the  Israelites,  ac- 
cording to  the  Old  Testa- 
ment a7id  the  Apocrypha. 
By  C.  De  Rothschild  and 
A.  De  Rothschild. 

Second  Edition.    2  vols,  crown  Svo,  I2s.  6d. 
Abridged  Edition,  in  i  vol.  fcp.  Svo,  ys.  6d. 

The  Antiquities  of  Israel 

By  Heinrich  Ewald^  Prof, 
of    the    University     of 
Gottingen.      Translated 
from  the  Germa7i. 

Svo,  [In  the  press. 

History  of  Israel. 

By  H.  Ewald,  Prof,  of  the 
University  of  Gottingen. 
Translated  from  the  Ger- 
man by  y.  E.  Carpenter y 
M.A.  with  Preface  by 
R.  Martineau,  M.A. 

5  vols,  Svo.  63^. 

Commentary  on  Epistle 

to  the  Romans. 
By  Rev.  W.  A.  O Conor y 
B.A. 

Crown  8zv.  3j.  6</. 


A   Commentary  on   the 

Gospel  of  St.  John. 

By  Rev.  W.  A.  GConor, 
B.A. 

Crown  Svo.  I  or.  6d. 


The  Epistle  to  the  He- 

brews;     with    Analytical 
Introduction  and  Notes. 

By  Rev.   W.  A.  GCo^tor, 
B.A. 

Crown  Svo.  4J.  6d, 

St.  Mark's  Gospel.  Greek 

Text,  with  English  Vocabu- 
lary. 

Edited  by  Rev.  ^ohfi   T. 
White,  D.D.  Oxo7i. 

22mo,  js.  6d, 


St.  yohfis  Gospel.  Greek 

Text,  with  English  Vocabu- 
lary. 

Edited  by  the  Rev.  yohn 
T.  White,  D.D.  Oxofi. 

^2mo.  \Nearly  ready. 

Thoughts  for  the  Age. 

By  Elizabeth  M.  Sewell. 

New  Edition.     Fcp.  ^0.  5/". 

Passing     Thoughts    on 

Religion. 

By  Elizabeth  M.  Sewell. 

Fcp.  Bvo.  y.  6d. 
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"* ''    Self-examination   before 

Confirmation. 
%m         By  Elizabeth  M.  Sewell. 

^mo,  is.  (xi. 
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Preparation  for  tke  Holy 

Communion ;  the  Devotions 
chiefly  from  the  works  of 
yeremy  Taylor, 
By  Elizabeth  M.  Sewell. 

Readings  for  a  Month 

Preparatory  to  Confirma- 
tion^ from  Writers  of  the 
Early  and  English  Church. 
By  Elizabeth  M.  Sewell. 

Readings  for  Every  Day 

in  Lent,  compiled  from  the 
Writings    of    Bishop 
yeremy  Taylor. 
By  Elizabeth  M.  Sewell. 

Fcp,  Svo.  5/. 

Bishop  yeremy  Taylor  s 

Entire  Works ;  with  Life 
by  Bishop  Heber. 
Revised  and  corrected  by 
The  Rev.  C.  P.  Bden. 

10  vols,  /}$,  5j. 

Hymns    of  Praise   and 

Prayer. 

Collected  and  edited  by  the 

Rev.      y.     MartineaUy 

LL.D. 

Crown  Svo.  4f .  6d, 


Thoughts  for  the  Holy 

Week,  for  Young  Persons. 
By  Elizabeth  M.  Sewell. 

New  Edition.     Fcp,  %vo.  2s, 

spiritual  Songs  for  the 

Sundays     and     Holidays 
throug/iout  the  Year. 
Byy.  S.  B.  Moftsell,  LL.D. 

Fourth   Edition,   Sixth    Thousand,      Fcp. 
4s.  6d, 

Lyra  Germanica,  trans-- 

lated  from  the  German  by 
Miss  C.  Winkworth.  First 
Series,  t/ie  Christian  Year, 
Hymns  for  the  Sundays 
and  Chief  Festivals  of  the 
Church  ;  Second  Series,  the 
Christian  Life. 

Fcp,  %vo.  3J'.  ^,  each  Scries, 

Endeavours    after    the 

Christian  Life;  Discourses. 
By  the  Rev.  y.  Martineaii, 
LL.D. 

Fifth  Edition,     Crown  Svo.  Js,  6d„ 

An  Introduction  to  the 

Study  of  t/ie  New  Testa- 
ment, Critical,  Exegetical, 
and  Theological. 

By  Rev.  S.  Davidson,  D.D. 
LL.D. 

2  vols,  Zvo,  3CXf. 

Supernatural  Religion; 

an  Inquiry  into  the  Reality 
of  Divine  Revelation. 

2  vols,  Svo,  241. 
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Christ     the     Consoler  ; 

a  Book  of  Comfort  for  the 
Sick. 

With  a  Preface  by  Rt.  Rev. 
the  Ld.  Bp.  of  Carlisle. 

Small  ^0,  6s. 

Prayers  for  the  Family 

and  for  Private  Usey  selected 
from  the  Collection  of  t/ie 
late  Baron  Bunsen,  and 
Translated  by  Miss  C. 
Winkworth. 

Fcp,  8z/<7.  3x.  6</. 

Lectures  on  the  Penta- 
teuch &  the  Moabite  Stone; 
with  Appendices^  contain- 
ing— /.  The  Eloistic  Nar- 
rative ;  II.  The  Original 
Story  of  the  Exodus;  III. 
The  Pre-Christian  Cross. 

By  y.   W.  Colenso,  D.D. 
Bishop  of  Natal. 

^0,  12S. 


Authority  and  Con- 
science; a  Free  Debate  on 
the  Tendency  of  Dogmatic 
Theologyy  and  on  the 
Characteristics  of  Faith. 
Edited  by  Conway  Morel. 

Post^fvo,  7/.  dd. 

The  Pentateuch  aiidBook 

of  yoshim  Critically  Ex- 
amined. 

By  7.    W.  Colenso,  D.D. 
Bishop  of  Natal. 

Crown  &V0, 6s, 

TheSpeaker's Bible  Com- 
mentary, by  Bishops  afid 
other  Clergy  of  the  An- 
glican  Churchy  critically 
examined  by  the  Rt.  Rev. 
y.  IV.  Colenso,  D.D. 
Bishop  of  Natal. 

^0,  Part  I.  Geftfsis,  y,  (>d.  Part  II. 
Exodus,  4J.  6^.  Part  III.  Leznticus^ 
is.  6d.  Part  IV.  Numbers,  3J.  bd. 
Part  V.  Deuteronomy,  5j.  Part  VI. 
Joshua  {completing  the  Work),  nearly 
ready. 


TRAVELS,     VOYAGES,    &c. 


The  Atlantic  to  the  Pa- 
cific;   What   to    see,  and 
flow  to  see  it. 
By  John  Erastus  Lester, 
M.A. 

With  Map  and  Woodcuts,     Cro^vn  %vo,  dr. 


Slave   Catching   in    the 

Indian  Ocean;   a  Record 
of  Naval  Experiences. 
By  Captain  Colomb,  R.N. 

Svo,  with  Illustrations  from  Photographs 

&*€,  2lS, 
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Meeting    the    Sun  ;    a 

yourney  all  round  the 
World  through  Egypt, 
ChmUy  yapaUy  and  Call- 
fomia;  including  an  Ac- 
count  of  the  Marriage 
Ceremonies  of  the  Emperor 
of  China. 

By  William  Simpson, 
E.jR.G.S.  Member  of  the 
Society  of  BMical  Ar- 
cheology. 

With  48  Helioiypa  and  Wood  Engravings, 
Medium  d>vo,  24s. 

The   Cruise  of  H.M.S. 

Curafoa  among  the  South 
Sea  Islands  in  1865. 
By      yulius      Brenchley, 
M.A.  F.R.G.S. 

With  Charts  and  very  numerous  Illustra- 
tiofts,  imperial  ^vo.  42^. 

How  to  See  Norway. 

By  Captain  y.  R.  Camp- 
bell. 

With  Map  and  5  Woodcuts,  fcp,  $vo,  5  J. 

Rambles. 

By  Patricius  Walker,  Re- 
printed from  Erasers 
Magazine ;  with  a  Vig- 
nette of  the  Queen's 
Bowery  in  the  New 
Forest. 

Crown  %vo.  lOJ.  (yd. 

Hours  of  Exercise  in  the 

Alps. 

By  John  Tyndall,  LL.D. 
D.C.L.  F.R.S. 

Third  Edition^   with  7    Woodcuts  by  E, 
Whymper,     Crown  8iv.  I2J.  td. 


Untrodden     Peaks    and 

Unfrequented   Valleys ;    a 
Midsummer  Ramble  among 
the  Dolomites. 
By  Amelia  B.  Edwards. 

With  numerous  Illustrations  engraved  on 
Wood  from  Sketches  by  the  Author. 
Medium  Svo.  21s. 

The  Dolo7nite  Moun- 
tains. Excursions  through 
Tyroly  Carinthiay  Carniolay 
and  Friuli. 

By  y.  Gilbert  and  G.  C. 
Churchill,  F.R.G.S. 

With  numerous  Illustrations.  Square 
crown  ^o.  2ls. 

The  Alpine  Club  Map 

of  the    Chain    of    Mont 
BlanCy  from  an  actual  Sur- 
vey in  1 863- 1 864. 
By      A.      AdamS'Reilly, 
F.R.G.S.  M.A.C. 

In  Chromolithographyy  -on  extra  stout  draw- 
ing  paper  28  in.  x  17  in,  lOf.  or 
mounted  on  canvas  in  a  folding  case^ 
I2J.  td. 

The  Alpi7te   Club  Map 

of  the  Valpelline,  the  Val 
Tournanche,  and  the  South- 
ern Valleys  of  the  Chain  of 
Monte  Rosay  from  actual 
Survey. 

By  A.   AdamS'Reilly, 
F.R.G.S.  M.A.C. 

Price  dr.  on  extra  Stout  Drawing  Paper ^  or 
*ls.  .6^.  mounted  in  a  Folding  Case. 

The  Rural  Life  of  Eng- 
land. 


By  W.  Howitt. 


Woodcuts  by  Bewick  and  Williams, 
dium  d/vo,  I2s.  6d, 
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My  IVife  andl in  Queens- 
land;  Eight  Years'  Expe- 
rience in  the  Colony^  with 
some  Account  of  Polynesian 
Labour. 
By  Charles  H,  Eden. 

Crown  $V0,  9/. 

Mo;^  of  Switzerland  and 

the  Adjacent  Countries. 
On  a  scale  of  four  miles  to 
an  Inchy  extending  from 
Schaj^hausen  on  the  North 
to  Milan  on  the  Sotithy  and 
from  the  Ortler  Group  on 
the  East  to  Geneva  on  the 
West. 

Constructed  under  the  im- 
mediate superintendence 
of  the  Alpine  Club,  and 
edited  by  R.  C.  Nichols, 
F.S.A.  F.R.G.S. 

In  Four  Sheets  as  follows : — 

Sheet  I.  Basel,  Luzern,  InterlacJien,  Bern^ 

Frib<mrg,  and  NeuchAtel, 
Sheet  II.   Constant,   Zurich,   Ckur,  and 

Landeck, 
Sheet  III.  Geneva,  Brieg,  Aosta,   Jura, 

and  Mont  Blanc. 
Sheet  IV.  Splugen,  Ortler  Sp,  Adamello, 

Sondrio,  Como,  and  Milan. 

%*  The  whole  will  be  published  in  the 
Spring;  Sheets  I.  II.  and  III.  complete, 
and  Sheet  IV.  with  outline  and  lettering 
ofily  ;  but  when  the  engraving  of  the  hills  on 
Sheet  IV.  is  completed,  the  proofs  of  that 
sheet  will  be  exchanged  for  the  lettered  copies. 

Cadore  or  Titian's  Coun- 
try. 

By  Josiah  Gilbert,  Joint- 
Autlwr  of  the  *  Dolomite 
MountaiftsJ 

With  Map  and  40  Illustrations.   Imp,  Svo. 
31/.  6d. 


Guide  to  the  Pyrenees,  for 

the  use  of  Mountaineers. 
By  C/iarles  Packe. 

Second  Edition,  with  Maps  &*c.  and  Ap- 
pendix,    Crown  ^0.  ys.  6d. 

y^isits    to     Remarkable 

Places:  Old  Halls,  Battle- 

Fields^   and  Scenes    ilhis- 

trative  of  striking  Passages 

in  English    History   arid 

Poetry. 

By  W.  Howitt. 

With  Wood  Engravings.  2  vols,  square 
crown  Svo.  25J. 

T/ie  Alpine  Guide. 

By  John  Ball,  M.R.I. A. 
late  President  of  t/ie 
Alpine  Club. 

Post  Sivo.  with  Maps  and  other  Illustrations. 

The  Guide  to  the  Eastern 

Alps. 

Price  \os.  6d, 

The  Guide  to  the  JVest- 

em  Alps,  inclvding  Mont 
Blanc,  Monte  Rosa,  Zer- 
matt,  &c. 

Price  6s.  6d. 

Guide    to    the    Central 

Alps,  i7tcluding  all  tite 
Oberland  District. 

Price  p.  6d. 

Introduction  on  Alpine 

Travelling  in  general,  and 
on  the  Geology  of  the  Alps. 

Price  IS.  Either  oftluThree  Volumes  or  Parts 
of  the  *  Alpine  Guide  *  may  be  had  with 
this  Introduction  prefixed^  is.  extra. 
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W^ORKS    of 

Elena :  an  Italian  Tale. 

By  L.  N.  Comytty  Author ' 
of  ^Atherstone  Priory' 

2  vols.  p09t  d^O.   14s, 

So  much  of  the  Diary  of 

Lady  Willoughby  as  relates 
to  her  Domestic  History 
and  to  the  Eventful  Period 
of  the  Reign  of  Charles  the 
First y  the  Protectorate^  and 
the  Restoration. 

Crown  Svo.  "js.  (xi. 

The  Burgomaster's  Fa- 

mily ;  ory   Weal  and  Woe 

in  a  Littte  World. 

By  Christine  Muller. 
Translated  from  the 
Dutch  by  Sir  y.  Shaw 
Lefevrey  K.C.B.  F.R.S. 

Crown  Sifo.  dr. 

The  Folk-Lore  of  Rome, 

collected  by  Word  of  Mouth 

from,  the  People. 

By  R.  H.  Busky  Author  of 
'  PatranaSy  *  Sagas  from 
the  Far  Fasti  &c. 

Crown  8t'^.  12s.  (hL 

Cyllene ;  or,  The  Fall  of 

Paganism. 

By  Henry  Sneyd,  M.A. 

2  vols,  post  $vo.  I4r. 

Popular  Romances  of  the 

Middle  Ages. 

By  the  Rev.    George    W. 

Cox,  M.A.  and  E.  H. 

yones. 

Crown  two,  lor.  dd. 


FICTION. 

Tales    jf  the   Teutonic 

Lands;  a  Sequel  to  ^Popu-^ 
lar  Romances  of  the  Mid- 
dle Ages' 

By  Rev.  G.  W.  Cox,  M.A. 
and  E.  H.  yones. 

Crown  ^fvo,  icxr.  6^. 

Beckers  Gallus;  or Ro-- 

mun  Scenes  of  the  Time  of 
Augustus. 

Posi%vo,  *ls,  dd, 

Becker's  Charicles :   11^ 

lust  rat  ive  of  Private  Life 
of  the  Ancient  Greeks. 

Po5t%evo.  *js.  6d, 

Tales  of  Ancient  Greece. 

By  the  Rev.   G.  W.  Cox, 
M.A.   late    Scholar    of 
Trinity  College,  Oxford. 

Crown  Svo.  6s,  6d. 

The  Modern  Novelist's 

Library. 

Atherstone  Priory^  2s.  boards ;  2s.  6d.  cloth, 
Melville's    Digby    Crand^    2s.   boards; 

2s.  6d.  cloth, 
_^..^  CladiatorSy  2s.  boards ;  2s.  6d, 

cloth. 
^^— —  Good  for  Nothings  2s.  boards, 

2s.  6d.  cloth. 
■  Holmby   House^    2s.    boards ; 

2s.  6d,  cloth. 
— ^— —  Interpreter^  2s,  boards  ;  2s.  6d. 

cloth, 
Jiiiate    Coventry,    2s,    boards ; 

2s.  6d.  cloth. 
^— — —  Queer^s    Maries,    2s,   boards; 

2s.  6d.  cloth. 
General  Bounce,   2s.   boards ; 

2s.  6d.  cloth. 
Trollope's  IVarden,  is.  6d.  boards;  2s. 

cloth. 
■  Barchester  Towers^  2s,  boards ; 

2s.  6d,  cloth. 
Bramley  Moore's  Six  Sisters  of  the  Vol" 
leys,  2s,  boards;  2s.  6d.  cloth. 
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Novels  and  Tales. 

Cabinet  Edition,  in  crown 

By  the  Right  Hon.  Benja- 

%vo. of  Stories  and  Tales 

min  Disraeliy  M.P. 

by  Miss  Sewell : — 

Cabinet  Editions^  conipUte  in  Ten  Volumes, 

Amy  Herbert,  2s.  6d. 

Ivors,  2s.  6d. 

crown  diz/o,  6s,  each,  as  follows  : — 

Gertrude,  2s.  6d, 

Katharine    Ashton, 

Lothair,  6s.                   Venetiaj  6s, 
Coningsfy,  6s.               Alroy,  Ixion,  dr'c,  6s. 
Sybil,  6s,                        YotmgDuke,  &'c.  6s. 
Tancred,  6s,                   Vivian  Grey,  6s. 

Contarini  I'leming,  &*c.  6s. 

Henrieila  Temple,  6s. 

EarTs     Daughter, 

2J.  6d. 
Experience  of  Life, 

2s.  6d. 
Cleve  Hall,  2s.  6d. 

Ursula^ 

2s.  6d. 
Margaret    Percival, 

V.  6d. 
Laneton    Parsonage, 

y.  6d. 

POETRY    and    THE    DRAMA. 


Ballads  and  Lyrics  of 

Old  France;  with  other 
Poems, 

By  A.  Lang,  FeL  Merton 
College^  Oxford. 

Square  fcp.  ^o,  5^. 

Moore  s    La  I  la  Rookh, 

TennieVs  Edition,  with  68 
Wood  Engravings  from 
Original  Drawings. 

Fcp.  \to.  2 1  J. 

Moore's  Irish  Melodies, 

Mac  Uses  Edition,  with  1 6 1 
Steel  Plates  from  Original 
Drawings. 

Super-royal  ^0.  3IJ.  6d. 

The  Lycidas  and  Epi- 

taphium  Damonis  of  Mil- 

ion. 

Edited,    with    Notes   and 

Introduction,    by   C.    S. 

Jerram,  M.A.   Trinity 

College,  Oxford. 

\In  the  press. 


Miniature    Edition    of 

Moore  s  Irish  Melodies, 
with  Maclises  i6i  I  litis- 
t  rations  reduced  in  Lit /to- 
graphy. 

Imp,  \6mo.  xoj".  6d. 

Lays  of  Ancient  Rome  ; 

with  *  Ivry '  and  the  *  Ar- 
mada^ 

By  the  Right  Hon.  Lord 
Macaulay. 

16 mo,  y,  6d, 

Lord  Macaulay' s  Lays 

of  Ancient  Rome.  With 
^o  Illustrations  on  Wood, 
Original aTid  from  the  An- 
tiqtte,  from  Drawings  by 
G.  Scharf. 

Fcp.  4/^.  21  J. 

Miniature    Edition    of 

Lord  Macaulay  s  Lays 
of  Ancient  Rome,  with 
Scharf  s  90  Illustrations 
redtued  in  Lithography. 

Imp,  \6mo,  \os,  6d, 
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Sout key's  Poetical  JVorks 

with  the  Author's  last  Cor- 
rections and  copyright  Ad- 
ditions. 

LUfrary  Edition,  Medium  2fvo,  with  Par- 
traii  and  Vignette^  14J. 

Golds  m  ith's     Poetical 

Works,  Illustrated  with 
Wood  Engravings  from 
Designs  by  Members  of  the 
Etching  Club. 

Imp,  i6mo,  7  J.  6d, 

Bowdler's  Family  Shak- 

speare,  cheaper  Genuine 
Edition. 

Complete  in  i  vol,  medium  9fvo,  large  type, 
with  36  Woodcut  Illustrations,  i^,  or 
in  6  vols,  fcp,  ^0,  price  21s. 

Horatii  Opera,  Library 

Edition,  with  copious  Eng- 
lish Notes,  Marginal  Refe- 
rences and  various  Read- 
ings. 

Edited  by  the  Rev.  y.  E. 
Yonge,  M.A. 

8z/0.  2 IX. 


Poems  by  yean  Ingelow. 

2  vols,  Fcp,  8«/<7.  I  or. 

First  Series,  containing  *  Divided,^  *  The 
Star's  Monununt,^  &'c,  i6th  Thomand, 
Fcp,  2ivo,  $s. 

Second  Series,  *A  Story  0/ Doom,'  *  Gla- 
dys and  her  Island^'  &*c,  $th  Thousand, 
Fcp.  Zvo.  5j. 

Poems  by  yean  Ingelow. 

First  Series,  with  nearly 
100  Illustrations  engraved 
on  Wood. 

Fcp,  ^.  21/. 

The  Odes  and  Epodes  of 

Horace;  a  Metrical  Trans- 
lation into  Englishy   with 
Introduction  and  Commen- 
taries. 
By  Lord  Lytton. 

Post%fvo,  los.  6d. 

The    jf^neid  of  Virgil 

Translated  into  English 
Verse. 

By  the  late  y.  Conington, 
M.A. 

Crown  %vo,  gs. 


RURAL   SPORTS,    HORSE    and    CATTLE 

MANAGEMENT,    &c. 


Encyclopcedia  of  Rural 

Sports;  a  CompleteAccounty 

Historical,  Practical,  and 

Descriptive,    of  Hunting, 

Shooting,  Fishing,  Racing, 

&c. 

By  D.  P.  Blaine. 

With  above  600  Woodcuts  {20  from  Designs 
by  JoH  N  Leech)  .    ^o.  2 1 j. 


A   Book    on    Angling: 

being  a  Complete  Treatise 

on  the  Art  of  Angling  in 

every  branch,  including  full 

Illustrated  Lists  of  Salmon 

Flies. 

By  Francis  Francis. 

IVith  portrait  and  15  other  Plates,  plain 
and  coloured.    Post  ^0,1^, 
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man:  comprising  the  Chief 
Metfiods  of  Hook  and  Line 
Fishing  in  the  British  and 
other  Seas,  a  glance  at  Nets, 
and  remarks  on  Boats  and 
Boating. 

WUk  80  Woodcuts.    Pott  8w.  \2s.  6a. 

The  Setter;  with  Notices 

of  the  most  Eminent  Breeds 

nowextant,Instructionshow 
to  Breed,  Rear,  and  Break; 
Dog  Shows,  Field  Trials, 
and  General  Management, 
&c. 

By  Edward  Laverack. 


The  Ox,  his  Diseases  and 

their  Treatment;  with  an 
Essay  on  Parturition  in  the 
Cow. 

By  y.  R.  Dobson,  Memb. 
R.C.V.S. 

Crown  Zvo.  with  /llustraHoru,  ^s.  6d. 


By  Colonel  F.  Fitzwygram, 
XV.  the  King  s  Hussars, 

^i(A  24  Plates  of  lilustratwm,  &/^^.  lox.dr/. 

The  Dog  in  Health  and 

Disease. 

By  Stonehenge. 

WUhn  mod  Engrtmngs,    Square  crmmi 
ozfo.  7s,  6d, 

The  Greyhound. 

By  the  same  AtUhor. 

Revised  Edition,  with  24  Portraits  of  Grey- 
hounds,     Square  crown  Sz/o,  los,  6d. 


Stables  and  Stable  Fit- 
tings. 

By  W.  Miles,  Esq. 

Imp.  Svo.  tenth  13  Plates,  15J. 


^    Treatise   on  Horse- 
shoeing and  Lameness. 
By  y.  Gamgee,  Vet.  Surg. 

%vo,  with  55  Woodcuts,  15J. 

Youatt   on    the  Horse. 

Revised  and  enlarged  by  W. 
Watson,  M.R.C.V.S. 

^0.  Woodcuts,  I2J.  6</. 

Youatt  on  the  Dog. 

By  the  same  Author. 

%vo.  Woodcuts,  ds. 


The  Horse's  Foot,  and 

how  to  keep  it  Sound. 
By  W.  Miles,  Esq. 

Ninth  EdUion,  Imp,  ^0.  Woodcuts,  I2J.  6d, 

^    Plain    Treatise    on 

Horse-shoeing. 

By  the  same  Author. 

Sixth  Edition.    Post  Svo,  Woodcuts,  2s,  6d. 

Rem  a rks    on    Horses' 

Teeth,   addressed  to  Pur- 
chasers. 
By  the  same  Author. 

PostSt'o.  is.  6d, 
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The  Fly-Fisher's  Ento-^ 

Tnology. 

By  Alfred  Ronalds. 
With  coloured  Representa- 
tions of  the  Natural  and 
Artificial  Insect. 

With  20  coloured  Plates,     &t/o.  14;. 


The  Dead  Shot,  or  Sports- 

man's  Complete  Guide;  a 
Treatise  on  the  Use  of  the 
Guny  Dog-breakings  Pigeon- 
shootings  &c. 
By  Marksman. 

Fcp.  &'<?.  with  Plates,  5/. 


VSTORKS    of    UTILITY    and    GENERAL 

INFORMATION. 


Maunder' s   Treasury  of 

Knowledge  and  Library  of 
Reference ;  comprising  an 
English  Dictionary  and 
Grammar,  Universal  Ga- 
zetteer.  Classical  Diction- 
ary.  Chronology,  Law  Dic- 
tionary, Synopsis  of  the 
Peerage,  Useful  Tables,&c. 

Fcp,  %vo,  &s. 

Maunder' s  Biographical 

Treasury. 

Latest  Edition,  recon- 
structed and  partly  re- 
written, with  about  i  ,000 
additional  Memoirs,  by 
W.  L.  R.  Gates. 

Fcp.  Svo.  6s. 

Maunder' s  Scientific  and 

L  iterary  Treasury ;  a 
Popular  Encyclopaedia  of 
Science,  Literature,  and 
Art. 

New  Edition,  in  part  re- 
written, with  above  1,000 
new  articles,  by  y.  V. 
Johnson. 

Fcp.  dr. 


Maunder' s      Historical 

Treasury ;  comprising  a 
General  Introductory  Out- 
line of  Universal  History, 
and  a  Series  of  Separate 
Histories. 

Fcp,  dvo.  dr. 

Maunders  Treasury  of 

Geography,  Physical,  His- 
torical, Descriptive,  and 
Political. 

Edited    by     W.    Hughes, 
F.R.G.S." 

With  7  Maps  and  i6  Plates.     Fcp,  Zvo,  6j. 

Maunder' s  Treasury  of 

N atural History  ;  or  Popu- 
lar Dictionary  of  Zoology. 

Revised  and  corrected  Edition,     Fcp,  %fuo. 
with  900  Woodcuts,  6s, 

The  Treasury  of  Bible 

Knowledge ;  being  a  Dic- 
tionary of  the  Books,  Per- 
sons, Places,  Events,  and 
other  Matters  of  which 
mention  is  made  in  Holy 
Scripture. 
By  Rev.  y.  Ay  re,  M.A. 

With  MapSy  15  Plates^  and  numerous  Wood' 
cuts.     Fcp,  Sn/o,  6s, 
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Collieries  and  Colliers: 

a  Handbook  of  the  Law 
and  Leading  Cases  rekU- 
ing  thereto. 
By  y.  C.  Fowler. 

Third  EdUum,     Fcp,  8zv.  7/.  6^. 

The   Theory  and  Prac- 
tice of  Banking. 
By  H.  D.  Macleod,  M.A. 

Second  Edition.    2  vols.  %fvo.  yot. 

Modern  Cookery  for  Pri- 
vate Families,  reduced  to  a 
Syslem  of  Easy  Practice  in 
a  Series  of  carefully-tested 
Receipts. 
By  Eliza  Acton. 

lVUh%PiaUs&'i$olVtM>dcuts.  Fcp.^vo.6s. 

Three  Hundred  Original 

Chess  Problems  and  Studies. 
By  Jas.  Pierce,  M.A.  and 
W.  T.  Pierce. 

With  many  Diagrams.  Sq.fcp.  %vo.  7/.  (id. 

Chess  openings. 

By  F.  W.  Longman,  Bat- 
liol  College,  Oxford. 

Second  Edition,  revised.    Fcp.  ^0.  2s.  6d. 

The  Theory  of  the  Mo- 

cUrn  Scientific    Game    of 

Whist. 

By  Wm.  Pole,  F.R.S. 

Fifth  EdUion.     Fcp.  $vo.  is.  6d. 

A  Practical  Treatise  on 

Brewing;    with  Formula 
for  Public  Brewers,   and 
Instructions  for    Private 
Families. 
By  W.  Black. 

Fifth  EdUion.     $uo.  los.  6d. 


Hints    to    Mothers    on 

the  Management  of  their 
Health  during  the  Period 
of  Pregnancy  and  in  the 
Lying-in  Room. 
By  Thomas  Bull,  M.D. 

Fcp.  %vo.  5/. 

Blacks  tone  Economised  ; 

being  a  Compendium  of  the 
Laws  of  England  to  the 
Present  Time. 
By  D.  M.  Aird,  Barrister. 

Second  Edition.     Post  %vo.  fs.  6d. 

The  Maternal  Manage- 
ment of  Children  in  Health 
afid  Disease. 
By  Thomas  Bull,  M.D. 

Fcp.  8iw.  5/. 

Pewtner's  Comprehensive 

Specifier ;  a  Guide  to  the 
Practical  Specification   of 
every  kind   of  Building- 
Artifcer's  Work. 
Edited  6y  W.  Young. 

Crown  $vo.  6s. 

The  Cabinet  Lawyer ;  a 

Popular  Digest  of  the  Laws 
of  Englandy  Civily  Crimi- 
naly  and  Constitutional. 

Twenty-fourth  Edition^   corrected  and  ex- 
tettded.     Fcp.  $2/0.  gs. 

A  Profitable  Book  upon 

Domestic  Law.  Essays  for 
English  Women  and  Law 
Students. 

By  Perkins,  Junior,  M.A. 
Barrister-at'Law. 

Post^o.  IQT.  td. 
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on  the  Senses  and  Intellect   12 

Baits  Guide  to  the  Central  Alps  38 
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Bayldon's  Rents  and  Tillages 32 
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